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Abs trac t 

Track distributions of snowshoe hare (tenus americanus) , fox 

(Vulaes fulva) and Lynx (Lvnx canadensis) w e r e  related to distance 

from ~thropogenic corridors (abandoned road, ditch and hydroline) and 

habitat types in a disturbed winter landscape near Cochrane, 

northeastern Ontario, 

More hare tracks were found in mature conifer habitat than 

expected. There w e r e  fewer hare tracks in the corridor, in immature 

conifer habitat and in mature mixedwood habitat than expected. The 

rest of the habitat types contained hare tracks close to expected 

values. Fifty-four percent of al1 hare tracks w e r e  found IO tu 30 

m e t r e s  f r o m  the centre of the corridor. Far fewer hare trdcks w e r e  

found O to 10 m e t e s  from the centre of the corridor than expected. 

More tracks were found 10 to 30 m e t r e s  Erom the corridor centre than 

expected. Distances farther t h a ~  thirty metres front the corridor 

centre contained hare tracks close to expected values- 

Loglinear analysis indicated that distance from the corridor 

had m o r e  influence on the distribution of hare tracks than did habitat 

type. The interaction of distance and-habitat had an affect as well, 

but much less so than distance aïone. Infoxmition analysis also 

demonstrated that distance frm the corridor was more significant t o  

the distribution of hare tracks than habitat type. The 

iii 



distance/habitat interaction was strong as well, with specific 

distance inter~al/habitat type combinations contributhg mch to the 

obsemred pattern, The corridor habitat at O to 10 metres, mature 

conifer at 10 to 20 metres, mature hardwood habitat at 10 to 30 and 40 

to 50 metres, and mature mixeüwood habitat at 20 to 50 metres are 

specific habitat/distance combinations contributing the most to the 

observed track pattern. These combinations represent patches which 

were either avoided or preferentially used by hare, w i t h  mature 

conifer at 10 to 20 metres behg used preferentially while the 0th- 

combinations are avoided, 

The sample sizes for fox and lynx were vezy s m a l l  (n=30 and 24 

respectively) . Statistical testing at ~ 0 . 0 5  could net reject the 

hypotheses that fox and lynx tracks were found in distance intarvals 

and habitat types according to availability- At ~ 0 . 1 ,  analysis 

showed only that less fox tracks were found in har~ood habitat than 

expected. However, when the fox and lynx datasets w e r e  combined into 

a single 'predator' dataset, goodness-of-fit testing rejected the 

hypothesis that tracks were found in distance intervals and habitat 

types according to availability. However, no variable classes showed 

significant chi-square values at the ~ 0 . 0 5  lwel. At the pc0.1 

level, analysis showed that the combiaed fox and lynx tracks were 

found in mature conifer habitat more than expected. As well, the 

combbed fox and lynx tracks were found 40-50 metres fram the centre 

of the corridor in less than expected values. 



Résumé 

La distribution des pistes des Liévres d'Amérique (Lepus 

americanus), Lynx du Canada (Lynx canadensis) et Reynauld (Vulpes 

fulva) ont été un produit de distance de leur corridor d'origines 

anthropogenique (par example, chemin abandonné, foncé et corridor 

de lretricité) et de habitat dans une paysage perturbées du nord- 

est de l'Ontario. Le nombre de pistes de liévres était plus 

élevé dans l'habitat des conniferes agées que dans les autres 

habitats. Le nombre de pistes de lievres &ait moins élevé dans 

les habitats de corridor, des jeunes conniferes et des bois 

francs melangé que dans les autres habitats. Le restant 

d'habitats containu les pistes de liévres selon leur 

disponibilité. 

Cinquante-quatre per cent des pistes de liévres ont été 

distribuée dans lrintenral de distance 10 - 30 metres de le 

centre du corridor. Le nombre de pistes de liévres était plus 

élevé dans l'interna1 de distance 10 - 30 metres de le centre du 

corridor que dans les autres interpals de distance. Le nombre de 

pistes de liémes était moins élevé dans Pinterval de distance O 

- 10 metres de le centre du corridor que dans les autres 



intervals de distance- L'interval de distance 30 - 50 metres 

containu les pistes  de liévres selon leur disponibilité. 

L'analyse 'loglinear' ont indiqu4 que le variable distance 

ont &té un influence plus fort que le variable habitat sur le 

pattern des pistes de liévres. Aussi, l'interaction des 

variables distance et habitat ont été un influence plus fort que 

le variable habitat mais moin fort que le variable distance 

seulement. L'analyse d'information on indique aussi que le 

variable distance ont été un influence plus fort que the variable 

habitat sur le patterne des pistes de liévres. L'interaction des 

variables est aussi plus fort; les combinations specifiques de 

classes de distance et habitat ont contribude la plupart de 

l'information du patterne des pistes de lievres. Ces 

combinations represente les zones qui sont utiliser ou laissez 

abandonner par les liévres. 

Les samples des pis tes  de le reynauld et le lynx ont ét6 

plus petit. mis, quand les samples ont été combiner, les 

analyses ont indiqué que les pistes des prédateurs n'ont pas été 

distribué en distance ou habitat selon leur disponibilité. Au 

niveau ~ 0 . 1 ,  le nombre des pistes  des prédateurs était plus 

élev6 dans Ifhabitat connifere agée que dans les autres habitats. 

Aussi, le nombre des pistes des prédateurs était moins élevé dans 

l'interval de distance 40 - 50 metres de le centre du corridor 

que dans les autres interpals de distance. 
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Chanter One, Introduction- 

A walk in the woods on a crisp winter day rewards the 

viewer with an image of animal tracks in the snow, a delicate 

tracery in white-on-white. These tracks form easily discernable 

spatial patterns against a matrix of landscape features and 

vegetation types. How do these winter patterns of w i l d l i f e  

tracks relate to the landscape pattern? Further, in a landscape 

criss-crossed with linear corridors (eg. cut lines, ditches, 

roads, etc.), both of natural and human origin, how do wildlife 

track patterns relate to these corridors as features of the 

landscape? These two questions form the basis of this 

dissertation. 

Prior to European settlement, the boreal forest was 

characterized by large stands of lowland black spruce or jackpine 

sandflats, broken occasionally by upland areas of aspen, birch 

and poplar. As well, open bogs, burns and blowdown areas adüed 

additional structural diversity to the bore& landscape. Fire, 

windthrow and insect infestations were key disturbance elements. 



Yet overall, the boreal forest maktained its characteristic 

coarse-grained appearance . 
However, in the last century increased immigration of 

white settlers drasticdly altered the character of the boreal 

forest. Small-scale agriculture changed forest to open meadows 

and cropland- Drainage ditches left straightline waterways on 

the landscape. Mining exploration led to a iandscape 

crisscrossed with griflines even in the most remote areas. 

Hydroelectric deveropment along many of the large rivers created 

long transmission corridors many metres wide across the 

landscape. 

Most significantly, perhaps, forest operations cleared 

thousands of hectares per year, resulting in a preponderance of 

relatively small patches scattered w i t h i n  the original conifer 

matrix. These cuts w e r e  connected in most cases by networks of 

haul roads of various widths, ages and grades- In addition, 

highly efficient fire suppression and insect control has altered 

the incidence and spatial characteristics of two of the boreal 

forest's most potent change mechaniçms. 

Resulting from these human activities is a landscape no 

longer characterized by large relatively homogeneous patches in 

an unbroken conifer matrix. Rather, in many areas the boreal 

forest is characterized by diverse patches of varying sexal 



stages set in remnants of the original conifer matr ix  and 

c o ~ e c t e d  by thousands of kilometres of cutlines and haul roads. 

This dastic landscape alteration has significant 

implications for wildlife. B o r e d  species have evolved through 

the millenia to fit the forest's pattern of large-scale 

catastrophic disturbance followeà by succession. Such species 

fa11 into three categories: species which require extensive 

tracts of mature conifer (eg. eastern cougar), species w h i c h  

thrive in newly-  or recently-disturbed areas (eg. moose) and 

species which are adaptable to either condition (eg. black bear). 

The reason that species are found in certain habitat types and 

not  in others is because the needs of a species are best filled 

by only a certain type or range of habitat. 

Much research has been done Hito the relationship of 

wildiife to specific habitat types. Prom this research, 

management guidelines have arisen. For example, ûntario's 

Guidelines for the Protection of Moose Habitat in Timber 

Manaaement ~lanninq resulted from years of research and 

observation regarding the various habitat components that moose 

use throughoughout the year and the biological reasons for particular 

habitat use. Species w i t h  similar habitat requirements also 

benefit under the moose guidelines and others like them. 



mgement guidelines are meant to aid in understanding 

the habitat components that moose and certain 0th- species need. 

Required habitat components cap then be protected through the 

m e d i u m  of forest management planning or sensitive areas 

management planning. Such planning is used in conjunction with 

hunthg lfmits to manage populations and habitat for a specific 

goal, for example increased herd s i ze  for more hunting 

opportunities in the future. 

Similarly, guidelines on the habitat needs of raptors and 

endangered species have been written to assist in identifying and 

protecting essential habitat f o r  the protection of rase, 

threatened or endangered species. For endangered species, 

legislation provides for the protection of key habitat. 

Most management guidelines concentrate on the habitat 

types that certain, usually socially- or commer:cially-valuable, 

wildlife species need to maintain t he i r  populations at a given 

level. As well, they have tended to concentrate on habitat types 

as discrete entities, rather than as integral parts of a larger 

heterogenous unit-the landscape. 

In addition, they have tended to focus on the function 

these habitat types play in the relationship between population 

and environment rather than ewmining their structural 

relationships. The relation of wildlife and their habitat tu 



human influences is implicit in management guidelines (their 

purpose is to minimize negative impacts of human activity) but 

seldom explicitly examined in a rigourous manne.  

The spatial pattern of wildlife movement has also been 

fairly well-researched. Animal behaviouralists and ecologists 

have noted that wildlife demonstrate spatial patterns of 

movement, and that these patterns often vary by sex and 

energetics (Giles 19781, population densities (Smi th  1980) and 

interactions with predators and prey (Giles 1978)- 

In addition, rnovement patterns of wildlife also Vary with 

life cycle and seasonality, even t h e  of day. Xt is also 

increasingly recognized that spatial heterogeneity in the 

landscape is important to wildlif e (Hunter 1990) and often 

influences their behaviour, including their movement (Krebs and 

Davies 1987) . 

This research project focuses on a few common wildlife 

species--snowshoe hare (Le~us americanus) , red fox (Vul~es fulva) 

and lynx (Lvnx canadensis) - These species were chosen because 

they are ubiquitous boreal foxest residents which interact as 

predator and prey in overlapping ranges. They also exist in 

sufficient numbers in the study area to yie1d enough tracks in a 

short period of t h e  to allow for statistical analysis. Hare 

particularly are abundant; fox and lynx less so. 



As well, fox and lynx are economically important 

furbearers. Examination of the structural relationship of fox 

and lynx tracks to habitat patches and corridors may aid in 

managing these populations and their habitats. Similarly, 

understanding the relationship of hare tracks to the landscape 

may aid in management during times of cyclical population 

extremes, thus benefitiag furbearers and the local trapping 

economy. Understanding how the track distributions of the three 

species interrelate may aid in managiog habitat to optimize their 

population numbers and thus benefit the local trapping economy. 

The project deals with structure rather than function, 

asking the question 'in what ways do the winter track patterns 

relate to the habitat types in the landscape, a landscape 

overlain with corridors of diverse types? l The human aspect of 

landscape pattern and the reciprocal relations among wildlife, 

humans and the landscape are also examin&. 

The answer to the above question is relevant to landscape 

p l d g  and management. Currently, planning is often 

accomplished using a rather haphazard mixtme of single-species 

management guidelines and politically-based policies, An 

extremely amorphous umbrella of concepts such as recosystem 

management1 and 'biodiversity conservation* (difficult enough to 



define and harder to implemeat) forms a shaky framework for 

planning. 

In order to manage the hndscape with any degree of 

confidence, a thorough knowledge of species and their 

relationships with each other and their environment is n e c e s s q .  

This research project aids in this understanding through 

examining not only individual speciest relationships to habitat 

types and anthropogenic corridors but also their links w i t h  each 

other. In addition, t examines the influences of a disturbed 

environment in which humans play key roles as change agents. 

This type of multiple-species, multi-habitat resezrch in 

a human-disturbed environment lendç itself admirably to an 

approach grounded in the theories and methods of landscape 

ecology. Landscape ecology is a field of study concerned with 

structure, function and composition at a landscape level, Le .  on 

a scale encompassirtg many other scales and ecosystems. 

At the same t h e ,  the field of landscape ecology 

explicitly acknowledges the humaa dimension of landscape 

processes and patterns, offering exphnations which encompass 

both natural and human activities on the landscape. The 

discipline of landscape ecology can be seen as an integrative 

field where science and society together provide information 

necessary to understanding landscapes and their components. 



This  thesis provides an example of this integrative 

approach where scientific rigour, experiential knowledge and non- 

scientific information are brought together in a stmctured, 

disciplined manner to illuminate the causes and consequences of 

observed landscape patterns - 
Recentïy, scientists have increasingly recognized social 

aspects of the physical and biological environments. However, in 

the past, most scientific disciplines, including ecology, appear 

to have largely ignored the human dimension of landscapes, 

instead concentrathg on the relationships of wildïife with 

aspects of their physical and biotic ellvironmentç- Humans have 

been looked at as outside of nature, apart from it, somehow 

superior to it (Keller 1985) - Many individuals hold such a 

separatist view of nature. Consequently, misconceptions 

regarding the relationship of wildlife to human disturbances 

exist . 

Social, economic and religious factors complicate the 

matter. Many people honestly feel that human alterations to the 

landscape al- cause negative impacts to wildlife and their 

habitat. Relatively few others feel that human alteration of the 

landscape is inherently beneficial and desirable, creating 

additional opportunitics for wildlife. 



Others hold to a stewardship model- Humans are put on 

the earth to be 'gardeners', to alter the landscape to make it 

aesthetically pleasing or more efficiently functional- Other 

'environmental stewardst feel that humans are morally responsible 

to 'help' nature, sometimes interpreting this as resisting change 

in the landscape, particularly catastrophic change (eg. forest 

f ires ) or anthropogenic change (eg . logging) , 
People also hold strong opinions regarding the behaviour 

of wildlife. Many people feel that wildlife generally react 

negatively to human presence and human alterations. Such people 

may feel mer-protective of wildlife and extremely negative 

toward activities which they see as threatening to wildlife, eg. 

logging and trapping. Human interaction with nature, in this 

situation, is seen as black-and-white, no shades of grey. 

In many cases, such opinions are not informed by 

experience. People may believe, for example, that wild animals 

will not go near a human structure on the landscape, eg. road or 

building. However, someone familia. with both the landscape and 

wildlife behaviour, eg. a trapper, will Say that the best place 

to find wildlife is near corridors, whether natural (eg. stream) 

or artif icial (eg . roads) , Something about these f eatures 
attracts them, 



What is it about these features t h a t  attracts (or repels) 

wildlife? A cursory glance at an old forest road, for example, 

shows  a corridor several m e t r e s  wide in which only pavement, dirt 

or grasses are present. T a l l  grasses, shrubs and tree seedlings 

crowd its edges, while taller saplings and golewood stand 

sentinel further back f r o m  the open road. Pinally, mature trees. 

the matrix of the original forest, forxn a seemingly impenetrable 

wall severaï metres from the edge of the road. 

Clearly, successionaï forces are atwork here. The 

grasses have colonized the exposed area inimediately adjacent t o  

the road. They are followed by shrubs and sapl- taking 

advantage of the opened canopy. A vegetation edge effect, that 

is, a strip of (usually) young vegetation differing qualitatively 

from the adjacent original forest, is quite evident. The 

laadscape pattern is altered. 

Does this altered pattern affect the location of hare, 

fox and lynx tracks? Does the corridor itself affect the 

locat ion of tracks, or  is it the newly-available habitat types 

instead? In other words, is there a distance effect or habitat 

effect? Or is there a combined distance/habitat effect on the 

track patterns of hare, fox and lynx? 1s one effect secondary to 

the other? What exactly are the effects and how are they 

related? Can an 'edge effectt distance be determined for each 



species? This research groject attempts to find an answer for 

these questions. 

Several related hypotheses d k e c t  this research: 

Snowshoe hare tracks are distributed randomiy with 
respect to  discrete habitat types located along 
transects . 
Snowshoe hare tracks are distributed randomly with 
respect to distance dong transects. 

There is no difference in the distance and habitat 
effects on hare tracks. 

There is no correlation between distance from the 
corridor and habitat type along transects in relation to 
hare tracks , 

All distance/hbbitat combinations contribute equally ta 
the obseraeü hare track pattern. 

Red fox tracks are distributed randomiy with respect to 
discrete habitat types located along transects. 

Red fox tracks are distributed randomly with respect to 
distance along transects. 

There is no difference in the distance and habitat 
ef fects on fox tracks . 
There is no correlation between distance from the 
corridor and habitat type along transects in relation to 
fox tracks . 

Al1 distance/habitat combinations contribute equally to 
the observed fox track pattern. 

The distribution of fox tracks with respect to distance 
f r o m  corridor echoes that of hare. 

The distribution of fox tracks w i t h  respect to habitat 
type echoes that of hare. 



Lynx tracks are distributed randomly with respect to 
discrete habitat types located along transects. 

Lynx tracks are distributed randomïy with respect to 
distance along transects. 

There is no difference in the distance and habitat 
effects on lynx tracks. 

There is no correlation between distance from the 
corridor and habitat type dong transects in 
lynx tracks . 

relation to 

All distance/habitat combinations contribute 
the observed lynx track pattern. 

The distribution of lynx tracks with respect 
from corridor echoes that of hare. 

to distance 

The distribution of lynx tracks 6 t h  respect 
type echoes that of hare- 

to habitat 

The distribution of lynx tracks with respect 
echoes that of fox, 

to distance 

The distribution of lynx tracks with respect 
echoes that of fox, 

to habitat 

The following chapters explain the research project 

its theoretical underpinnings through the methods used and 

presentation and discussion of results to final conclusions 

f r o m  

and 

management recommenâations. 

Chapter Two, Literature Review, provides a critical 

examination of much of the literature 

habitat needs of wildïife species and 

features, landscape heterogeneity and 

written regarding the 

the effect of linear 

human disturbance on 



wildïife, Chapter Two also gives an overview of the history of 

landscape ecology as a disciplinary field- Its appropriateness 

to the research project under discussion is examined, 

Chapter Three, Methods, begins with a description of the 

general region in which the research takes place, The physical 

environment, including forest cover, drainage patterns, soils, 

tc2ography and climate are described- A quick social/economic 

tour of Cochrane, the closest t o m  to the research site, is 

offered. The importance of logging, trapping, hunting and other 

resource uses are stressed. An account of the methods used to 

locate the study sites and a description of the sites themselves 

follows. Data collection methods and statistical analysis 

techniques are decribed in detail. 

Chapter Four, Results, presents the results of the data 

analysis. Descriptive statistics, goodness-of-fit, likelihood 

ratio, correlation, loglinear and information analysest results 

are given for hare. Key information drawn f r o m  the individual 

hare trails and trapperst knowledge is presented as well. For 

fox and lynx, descriptive statistics and goodness-of-fit test 

results are given by species. The results of the likelihood 

ratio, loglinear anci correlation analyses are also given for fox 

and lynx. 



Chapter Five, Discussion, provides 

the results, places them in the context of 

examines some implications associated w i t h  

previously-held assumptions about wildlife 

Chapter S i x ,  Conclusion, discusses 

an interpretation of 

previous research and 

the findings regarding 

movement patterns . 

the implications of 

the findhgs on forest and wildlife management, both in the 

Cochrane area and in the large boreal forestKlaybelt region. 

Ideas for future research are explored and problems associated 

with this research project are discussed. Management 

recommendations are offered- 

Full  citations for al1 raferences are given iri 

References, w h i l e  the A ~ ~ e n d i c e s  contah the printed resdts  of 

the infoxmation analysis and diagram of ten individual hare 

trails . 

There are still so myiv questions remaining unanswered 

regarding the relationship between wildïife and the landscapes 

they inhabit. This research attempts to examine one small aspect 

of that relationship; namely, the location of animal tracks with 

respect to habitat type and distance f r o m  anthropogenic corridors 

in a human-disturbed landscape. 

"A journey of a thousand miles begins with a single step." 



-ter Two. Theoretical Framework and Literature Review 

2 - 1. Introduction, 

Humdps are among the few species that manipulate the 

environment to satisfy their needs for food and shelter. 

Unfortunately, humans are also the species whose manipulations 

affect the earth tu the greatest degree. fndeed, otzr own 

manipulations may prove our undoing as our rate of population 

growth and our increased technology -and o u  influence upon the 

planet- The challenge of our species is to understand the extent 

and implications of our planet-wide manipulations and to begin to 

mitigate their effects before we succinnb to our own machinations. 

Traditionally, it seems that scientists have been loath 

to involve themselves in the ethics and politics of the world 

around them, even though they and their research are products of 

that world (Keller 1985). Too often, studies have been performed 

in isolation f r o m  the anthropogenic factors af fecting than as 

well as without regard for the interactions between the systexns 

of interest and the biotic and abiotic factors influencing them. 



This c m  lead too easily to a blatant disregard for the 

most basic of ecological tenets: in nature, there are no closed 

systems. Natural processes do not operate in isolation from the 

systems of which they are part- To neglect the interaction of 

elements is to ignore their fundamental features as elements of a 

whole . 

Lately, however, the scientific coxnunity has 

increasingly xecognized its links to current and historical 

social, economic and political environments- Feminists, 

sociologists and science àistorians have aided the recognition of 

science as a soc id  construct, &th part  of and responsive to 

societal pressures (Keller 1985, Harding 1986). 

The field of lanâscape ecology, still new and growing, 

explicitly acknowledges the interrelationships of structure and 

function at al1 scales over aï1 t h e  periods in al1 places and 

seeks to illucidate these relationships to aid in understanding 

the nature of the planet. Moreover, the field explicitly accepts 

that humans are within nature, not apart from it. They constitute 

part of whatever system is beiag studied; they are observed as 

well as observer, and thersfore cause effects* 

Of course, it is impossible to name, let alone describe 

and understand, al1 of the potential interactions among systems. 

Therefore, it is often appropriate to separate out the elements 



of interest for further study. The important thing is to 

recogaize the limitations of the study and place it w i t h i n  the 

c o n t e  of the greater system of which it is part. 

Contextualization of systems is a key concept of landscape 

ecology, blatantly informing every landscape ecological study 

undertaken. 

This chapter begins w i t h  a discussion of key features of 

the field of landscape ecology. then examines key concepts 

related to wildlife's use of the landscape, including 

heterogeneity and disturbance, linear features. connectivity and 

connectedness. Finally. specific studies dealhg with the use of 

landscape features by wildlife (predominately furbearers) will be 

explored. This will set the stage for the interpretation of 

results and application to the landscape of interest later in the 

thesis. 

This research covers a total study site area of 

approximately 70 000 m2, within a study area of about 100 km2, and 

ranges over several landscape elements in a disturbed 

environment, representative of the Claybelt portion of the boreal 



forest of northeastern Ontario- Therefore, kt is deerned 

appropriate to folfow a landscape ecology approach. 

There are several schools of thought regarding the field 

of landscape ecology. The American view of landscape ecology is a 

aramification and spatial expansion of population, community, and 

ecosystem ecology" (Forman and Godron 1986) or "the synthetic 

intersection of many related disciplines which focus on spatial 

and temporal patterns of thc landscapem (Risser 1987) . The 
Canadian approach is a multi-discipliaary, problem-oriented view 

(Moss 1987). Finally, the Europeans present a holistic and 

hierarchical view of landscape ecology as the "scientific basis 

for the study of laadscape units f r o m  the smallest mappable 

landscape ce11 to the global ecosphere landscape in their 

totality as ordered ecological, geographical, and cultural 

wholesa (Naveh and Lieberman 1990). 

Landscape ecology focuses on the idea of heterogeneity 

over space and t h e  (ie. pattern and process), and recognizes the 

importance of anthropogenic influences on landscapes (Vink  1983). 

as well as their effect on wildlife habitat and behaviour. Since 

its relatively recent inception, the field of landscape ecology 

has drawn upon the concepts and methodologies of other 

disciplines, particularly geography and ecology, and has 

synthesized them iato a cohesive holistic framework for analysis. 



The focus or guiding light behind this synthesis has been the 

emphasis on pattern in landscapes, its formation and 

organization, its dynamics and relationship to fauna, its 

predictability and its response to disturbance. 

As Turner and Gardner (1991) note, "the consideration of 

spatial patterns distinguishes landscape ecology f r o m  traditional 

ecological studies, which frequently assume that systems are 

spatially homogene~us.~ Çuch an assumption bas led to the 

production of models of predator and prey interactions that are 

not consistent with natural systems- Only when spatial variables 

are introduceü into the models do results more closely mimic 

natural systems (Sklar and Costanza 1991, MeNamara and Houston 

1990). 

Huston et al. (1988) describe most early ecological 

models as violating the most basic biological tenet that 

individuals' actions are inherently local. ïnstead, most models 

assume that individuals can be aggregated into homogeneous 

populations and interact in a similar way. This assumption 

simplifies the activities and reactions of organisms in a way 

which leads to a loss of information at every level of analysis. 

Landscape ecology provides an ideal conceptual framework 

for ecological analyses of the movement patterns of wilàlife 

related to corridors and other landscape patches. It offers a 



cornpartmental approach to m g  relationships by allowing the 

researcher to consider factors of the environment in the light of 

'black boxese where the inner workings are neglected in favour of 

the interactions among factors- 

Detailed knowledge of al1 the factors and relationships 

involved in systems is not always necessétry in order to 

understand the system's functioning (Gardner and O'Neill 1991). 

As Couclelis (1988) States, "Descriptions of complex systems need 

not be themselves cornplex, let alone complicated. " Examinùig a 

set of chosen variables in the system allows clarification of 

relationships dmong these variables. These relationships cari 

then be examined further, and if they prove to be insufficient to 

explain the functioning of the system then the variables chosen 

to represent the system need to be re-examined. 

Key to landscape ecology is the concept of 'landscapet. 

Perhaps the simplest definition of landscape is that of 

Bridgewater (1987) : "landscapes are mosaics of patches linked by 

corridors." Forman and Godron (1986) offer a similar view: 

"landscapes show a cornmon fundamental structure of patches, 

corridors, and a matrix." 

The key to each definition is heterogeneity. This 

heterogeneity can be found at any scale; therefore, it is 

important to define the scale at which one is working, thus 



delineating the landscape of interest. Some authors use the term 

'landscape' in the sense of a large ecosystem, composed of 

communities, but without m i n g  the role of the non-living 

environment in the structure and functioa of that ecosystem. 

O t h e r  authors insist that landscapes can only be measured 

at the scale of an aerial photo, for example, covering several 

square kilometres at a t h e .  A more inclusive view holds that 

any spatially delineated area can be a landscape if the area is 

heterogeneous in any structural or functional way. In this case, 

a moose could be seen as a landscape to the ticks that live on 

it. A t  aay rate, the important components of a landçcape can be 

seen as heterogeneity in a defined space over a specified period 

of the. 

Weins (1992) conducted a survey on the types of articles 

appearing in the journal Landsca~e Ecoloav and concluded that 

nlandscape ecology is less concerned with theory and hypothesis- 

testing and more w i t h  problems addressing habitat fragmentation, 

reserve design, biological àiversity, resource management, and 

sustainable developmenta (in Naveh and Lieberman 1994). Whatever 

the def inition or focus, as Zo~eve ld  (1987) argues, 'the study 

of both the horizontal (chorologie) and vertical (topologie) 

relationships together is essential for landscape ecologyn. 



Naveh and Lieberman (1990) provide a concise description 

of the various schools of thought surrounding landscape ecology 

as well as arguing passionately for a landscape ecology which 

transcends rigid formalized notions of science and scientific 

discplinary boudaries to form a new synthesis of knowledge taken 

f r o m  al1 disciplines, scientific and social scientific, yet used 

w i t h i n  the common conceptual framework of landscape ecology. 

There is merit in t h i s  type of holistic approach which 

attempts to account for al1 values in a landscape in a systematic 

way; however, in practice it is very difficult to achieve. 

Traditional statistical analysis methods lhit the ways in which 

data can be collected- Even the w o r d i n g  of research-directhg 

hypotheses m u s t  be chosen to fit the statistical and field 

collection methods to be used- These methods themselves often 

dictate the type of research to be undertaken, rather than the 

other way around. 

Methodologically, landscape ecology borrows f r o m  other 

fields, and is only now beginning to synthesize quantitative 

methods into its own body of kaowledge (Turner and Gardner 1991). 

Statistics, particularly those based on probability theory and 

information theory, lend themselves well to landscape-based 

analyses. The use of maps and geographic information systems are 

especially ~ h a b l e  as they yield visual evidence of patterns and 



relationships. Exploratory studies of spatial phenornena are 

well-suited to the landscape approach, allowing the researcher to 

glean what information and patterns may be hidden in the mass of 

seemingly-unrelated data obtained from field collection, 

2.3. Heteroaeneitv and Disturbance. 

The heterogeneity of a landscape directly influences the 

behaviour and distribution of wildlife, depending upon their 

species-specific view of the landscape- Heterogeneity in this 

sense refers to the 'patchiness' of a landscape and is scale- and 

the-dependent. Heterogeneity may refer to the unequal or 

'patchy' distribution of types of resources or habitats or any 

other element found in the landscape. Patches thanselves are 

varied in their genesis and spatial characteristics (Figure 1)- 

However, heterogeneity must not be canfused with 

'variability', w h i c h  is the unequal distribution of the elements 

themselves across the landscape. Variability refers to one 

element, while heterogeneity refers to a callection of elements 

and their structural relationship to each other. 

Heterogeneity in a landscape is important to wildlife as 

it represents different patches available for food and shelter. 

Many species require different patch types at different times, as 



Patch characteristics in a landscape 

Figure L, Genesis and Characteristics of Landacape Patches. 
(Forman and Godron 1981 in Bisser 1987) 



diunal and seasonal changes affect the adlability of food and 

shelter . 

For  example, moose in the bore& forest geneally move 

f r o m  late winter sites in closed-canopy conifer stands to aquatic 

feeding sites to obtab scarce and necessary calcium-rich aquatic 

macrophytes during the t h e  in w h i c h  the nutrients are most 

concentrated. Often, aquatic feeding sites are close to dense 

conifer stands which provide cool refuges during hot summer days. 

Later in the year (autumn, early &ter), moose may move to more 

open, upland areas to feed on aspen. 

Johnson et al. {1992) conjecture thnt animal responses to 

landscape heterogeneity are a direct result of the animillsv 

movement characteristics, ie. movemeat rates, directionality, 

turning frequencies and turning angles in relation to landscape 

characteristics such as patch type and configuration. They 

further theorize that such responses alter population d y n d c s ,  

dispersion and gene flow. 

Risser et al. (1984) state that the 'dependency of myiv 

terrestrial and aquatic vertebates on habitat mosaics se- to 

be a general phenornenon.' In addition, it has been postulated 

that the use of many patches by animais essentially 'spreads the 

risk' in terms of a populationvs chances for sumival (den Boer 

1968 in Risses et al. 1984).  Each patch in an animal speciesl 



habitat carries its own probability in relation to the 

population's success in surviving to reproduce and so continue 

the process of evolution. Thxough the distribution of a 

population among many patches, the probabilities associated with 

individual patches merge, effectively l o w e r i n g  the overall 

probability of population extinction. 

in other words, each patch contains a finite amount of a 

particular resource that the population requires. If that 

patch's resource is exhausted, the population may survive if 

another patch with the resource is available. The population, as 

a collectivity, is not quite so depenüent upon a particular patch 

within its territory if it has access to many patches. 

As well, different patch types represent areas which may 

contain a higher or lower probability of a predator/prey 

encounter, thus affecting an animal's chance of survival 

(McNamara and Elouston 1990). For example, a hare may encounter a 

fox more frequently on a corridor than in the adjacent forest. 

Clearly, there is interaction among animals, habitat patches and 

abiotic environmental factors. Traditional population-based 

studies may not adequately account for its complexity. 

The importance of heterogeneity to wildïife is 

illustrated by several studies. Hjeljord et al. (1990) found 

that moose (Alces alces) choose foraging habitat based on the 



nutrient value of the forage. As nutrient value changes during 

the course of the year, moose move among patches offering optimal 

nutrient concentration* The role of mature conifer as cover is 

also discussed. Interestingly, Hjeljord et al. emphasize that 

moose 'interact w i t h  forage resources at several levels of 

ecological scale." 

Scale was explicitly defined and identified in their 

study. As well, landscape-level recommendations w e r e  made by the 

authors, ie. "moose on summer range will benefit from a 

heterogeneous mixture of plantations and older forest standsm, 

and the human role in the effect of landscape alteration on moose 

was mentioned. 

Ranta et al. (1982) discuss the w i n t e r  habitat use of 

wapiti ( C m s  elanhus). They found that wapiti use a range of 

habitat types in w i n t e r .  Jackpine stands are preferred for 

basking and shelter from wind. Preferred conifer stands also 

contain deciduous browse. Travel corridors such as w i n d s w e p t  

ridges and waterways are also chosen, although the authors do not 

discuss reasons for this choice. 

Wiggers et al. (1992) studied ruffed grouse (Bonasa 

umbellus) habitat preferences in Missouri and found that grouse 

density is greatest in 7-  to 15-year-old hardwood regeneration. 

On a landscape level, the greatest density of grouse occurs w h e r e  



such stands comprise at least 14% of the area- Casual 

observation in the Cochrane area appear to indicate ruffed grouse 

prefer both mature and immature hardwood for browse (willow, 

aspen), but that adequate conifer cover is required nearby- 

A study by Thompson et al. (1989) demonstrated that 

f isher (Martes  enn nanti) use a variety of habitat types for 

resting, hunting and cover, although deciduous habitats are used 

less frequently than predicted by availability. The authors 

attribute the use of several habitat types to the fisher's 

variable diet. 

Disturbance can be defined as "any relatively discrete 

event in t h e  that disrupts ecosystem, community, or popuïation 

structure and changes resources, substrate availability, or the 

physical environment" (Pickett and White 1985). Perturbation, on 

the other hand, refers to a relatively -11-scale event from 

which an ecosystem recovers relatively quickly. Heterogeneity in 

a lamiscape affects how the landscape will react to disturbance, 

ie. to what degree the landscape will resist disturbance 

('resistance') or how quickïy the landscape will recover from 

disturbance ('resilienceB) (Risser 1987; Odum et al. 1987). 

Wildlife, as elements of heterogeneous landscapes, also 

reflect the resistance and resilience of the landscape. In many 



landscapes [eg. prairie), wildlife (eg. prairie dog) form a 

significant disturbance force as well (Loucks et al. 1985). 

Disturbance regimes play a l a r g e  role in determining the 

distribution and behaviour of wildlife (Pickett and White 1985). 

Freemark (1987) pointed out that human disturbance patterns 

superixnposed over natural disturbance patterns create additional 

stressors and opportunities for wildlife populations as the 

landscape is altered in new and different ways. Changes at an 

individual level may lead to alterations at population, 

community, ecosystem and even landscape scales over the.  

The relatively e l e r  scafe  of human disturbance coupled 

w i t h  the increased frequency of human disturbance leads to 

landscapes composed of large natural disturbance patches in 

various stages of succession overlain with numerous smaller 

patches of differing configurations and types. This tends to 

result in increasingly fragmented landscapes composed of smaller 

habitat patches isolated front each other by qualitatively 

different habitats. 

Wiens (1985) suggests that habitat fragmentation may lead 

to the possibility of population extinction, as indicated in 

Figure 2 .  

Riewe  (1979, 1980) produced two comprehensive and very 

interesthg reports on the interaction of wildlife and landscape 



Figure  2. Fragmentation Effects on Local Populat ions  (Weins 1985) 



elements in a disturbed environment, Lookhg specifically at 

seismic lines, he found that effects were very species-specific 

and dependent upon an interplay of factors, both biotic and 

abiotic. His study was particularly tmusual in the fact that 

biotic ,  abiotic and social factors and their interaction were 

examined w i t h i n  the greater context of the landscape. 

However, landscape ecological theories were not 

explicitly mentioned in his studies, although one can argue the 

framework of landscape ecology was used. Riewe's studies can be 

seen as typical of the Canadian problem-solving, resource 

management approach to landscape ecology, 

2.4, Linear Features. Conuectivitv and C O M ~ C ~ ~ ~ ~ S S .  

Much research has been done on the role of linear 

features in the landscape. Linear features can be divided in to  

natural (eg- streamç) and artificial (eg. roads) types. Furthex, 

a distinction can be made between 'barrier' (eg. hedges) and 

' corridor ' (eg . cut lines 1 features . B a r r i e r  and corridor 

features refer to structures on the landscape, in this sense, and 

not the function they play w i t h  regard to plant and animal 

movement, since what may form a barrier to some species is a 

corridor to others and vice versa. Indeed, Bunce and Hallam 



(1993) argue that linear features in British agriculturaï 

landscapes form important refugia for both plant and animal 

species, allowing them to disperse into suitable habitat when the 

opportunity presents itself, 

Forman and Godron (1986) further divide corridors into 

strip corridors and line corridors, with or without breaks 

(Figure 3 )  . The width, height and composition of strip and line 

corridors as well as the matrix characteristics can greatly 

affect the movement of animals across and along the corridors 

(Figure 4). 

Dobrowolski et al- (1593)  speak about the effects of 

habitat barriers such as forest roads and streams in a 

heterogeneous environment. They argue that such barriers may or 

may not be difficult for individuals to transcend, but 

nevertheless form a limit to the movement of individuals as well 

as forming additional stressors. Additionally, barriers alter 

the arrangement of habitat patches and may isolate 

subpopulations. Individuals may also change the shape of their 

ranges to suit habitat patches affected by barriers. 

The authors further argue that predator/prey and 0th- 

species interactions may be affected by the type and layout of 

barriers. However, they stress the necessity of definhg the 

effects of heterogeneous landscapes at the species level and 



Strip corridors 

Figure 3 .  Line and S t r i p  Corridors (Fotian 1983 in Forman and 
Godron 1986) 



Figure 4. Corridor Effects oa Hovernent (Forman 1983 i n  Forman 
and Godron 1986). 

("The shaded aress indfcate c o n d i t i o n s  inhibftory to  movement and 
emphasize the crltieal importance o f  break areas.") 



offer several ernpirical examples ta illustrate the risk of 

generalization. 

ûpdam et al- (1993) see linear elements of landscapes 

both as corridors for the movement of species and as habitat 

patches in their own right. These linear features function as 

dispersal m e c h a n i m i s  and suboptimal refugia for species. 

Depending on their type, linear features may also serve important 

roles in erosion control, as windbreaks and in water quality and 

water temperature control (Bure1 and Baudry 1990) , 

in addition, Opdam e t  al. c lah  that if linear elements 

occur in heterogeneous environments, they tend to inhibit 

movement of inàividuals from one patch to another. The 

'spreading-of-risk' effect is suppressed and thus may affect 

population fluctuations during stressful periods, resulting in 

populations either more or less resilient to change in the 

environment. 

However, as the authors point out, "very little is known 

about how individuals actually move through the landscape, 

whether they use linear elements as corridors, or simply follow a 

straight or random route, or how they react to boundariesw (Opdam 

1991). ïndeed, for some species, linear elements may favour, 

rather trh;in inhibit, the movement of individuals from one patch 

to another. Again, the postulated effects are undoubtedly very 



species-specific and, dependhg upon the environment in which 

they occur, they may offer both positive and negative effects. 

Merriam (1990) addresses the question of animal choice in 

movement in landscapes crisscrossed with linear features, in this 

case, f encerows . He f inds that white-f ooted mice (Peromvscus 

leuco~us) "moving through a strange landscape move almost 

entirely in fencerows. They do not distinguish among several 

classes of well-vegetated fencerows that the investigators can 

readily distinguish, but early results show that mice do select 

wide fencerows as corridors over less wooded and narrower 

structures." They move to recolonize areas of annual extinction, 

to locate better food sources and to find overwintering areas- 

Merriam uses the term 'connectivity' to refer to the 

ability of the landscape, through structural features such as 

fencerow networks, to aid in the movement of subpopulations of a 

metapopulation. Comectivity then becomes a parameter "which 

measures the processes by which sub-populations of organismç are 

intercomected into a functional dernographic unitn (Merriani 

1984). It also measures interactions of functional processes at 

a landscape level, eg. nutrient flows (Baudry and Merriam 1987). 

Schreiber (198733) defines connectivity in the broadest 

sense of "net only the interrelationships in communities and 

between organisms are meant, but aïso the network of interactions 



and flows between the biotic and non-biotic compartments of the 

ecosystemm. In this sense, the tenu co~ectivity has a 

functional slant. As an example, Schreiber demonstrates the role 

of riparian buffers as regaators of the nitrogen cycle in over- 

fertilized Riropean landscapes. 

In addition, he points out that riparian buffers offer 

habitat for wildlife as well as a dispersal mechanism. He argues 

for a land use planning system based on the creation of refugia 

linked by a connecting network of fence- and hedge-rows, riparian 

buffers and buffers along other linear features such as roads and 

the edges of woads. 

Forman (1990) uses the tenn connectivity in a spatial 

rather than a functional context to describe one of a set of 

characteristics delineating a 'network landscapet . Network 
landscapes are characterized by branching networks of fencerows 

or bedgerows, streams or roads. These networks may or may not 

connect to diverse habitat patches or elements, as in Figure 5 .  

lmportantly, their configuration alone may determine the range of 

effects, positive and negative, they can have on plant 

distribution and wildife movement and population dynamics. 

As McDonnell and Pickett (1987) point out, the degree of 

connectivity which a landscape evinces may be of benefit to 

species in foraging and dispersal, or it may be detrimental and a 



(a) Archipelago 

Figure 5. Fragmented Patterns o f  Patch Distr ibut ion with and 
without Conaecting Network (Forman and Godron 1986). 



measure of the barriers to foraghg and dispersai that exist in 

that landscape. A third alternative is one of neutrality. It 

may be that the connectivity of the landscape has no meaning at 

al1 to some species--it performs neither a harmfuï nor a 

beneficial function- Again, it is important to remember that 

effects of landscape parameters are both species-specific and 

scale dependent- 

Connectedness is the structural equivalent of the 

functional concept of comectivity- Baudry and Merriam (1987) 

define connectedness as seferring to "structural links between 

elements [in] the spatial structure of a landscape and can be 

described f r o m  mappable elements-* The degree of connectedness 

in a landscape is a function of the structure and composition of 
.* 

that landscape and depends upon the n u b e r  and size of distinct 

patches in a matrix, the distance between similar patches and the 

presence and abundance of linear features. 

Plants and animals are directly affected by the 

environments, biotic and abiotic, in which they live. 

Particularly, the heterogeneity of the landscapes in which they 

occur may influence their location and behaviour to various 



degrees. In a disturbed enviro~ullent, w h e r e  natural and/or 

anthropogenic disturbances cause change to occur extensively or 

frequently, a species' distribution and behaviour may alter 

drastically. Or, they may alter only a L i t t l e  but enough to 

cause long-term modifications. There is also the third 

possibility that they may not alter at all. A g a i n ,  the effects 

are species-specific. 

Forman and Godron (1986) def ine two  types of movement : 

continuous and saltatoxy. Continuous movement means that an 

animal moves at either a constant or varying velocity but does 

not stop over a defined period of t h e .  The example given is of 

caribou migrating over the tundra. On the other hand, saltatory 

rnovement involves stops and starts on the way to a destination. 

An example may be a snowshoe hare moving in small increments 

while foraging. 

The disturbance of a relatively homogeneous landscape 

(eg. boreal forest) by extensive human development (eg. road 

construction) may increase the patchiness of the landscape by 

creating corridors. This may induce behavioural changes in 

w i l d l i f e ,  altering movement f r o m  continuous to saltatory or 

increashg the frequency and duration of stops in saltatory 

movement. In turn, this change may affect sumival and dispersal 

as well as the size of, and movement w i t h i n ,  home ranges. 



Forman and Godron describe a study by Storm et al. (1976) 

in which dispershg subadult and adult red foxes (cited as Canis 

but more recently named were tracked 

radiotelemetry over several years. The study site was located in 

the northeastern United States in an area of mixed agriculture, 

woodïand and -ban development. The results from this study 

appear to show that foxes avoid buildings, whether single 

structures or within t o m s  and cities. Additionally, lakes and 

extremely wide rivers (ie. w i d e r  than 55-80 metres) f orm barriers 

to fox movement. Forman and Godron also note that: 

One of the most distinctive and surprising 
findings of the study is that the foxes avoid 
corridors. None of the foxes followed along the 
primary lanacape corridors such as rivers, major 
roads, or superhighways (nor did they move 
parallel to  the corridor in the adjacent matrix 
area). The animals rnay well have used small dirt 
roads or paths, but no information is anilable 
on this. The avoidance of larger roads is made 
further apparent by the locations of the daytime 
beds of these nocturnal creatures. Beds were 
always recorded more than 92 m away from roads. 

Apparently, these types of corridors act as filters 

rather than conduits, slowing or haLting travel rather than 

enhancing i t .  Yet despite the filter and barrier effects of 

these landscape elements, Forman and Godron conclude that "fox 

movement through the landscape appeared to be generally 

independent of its structure (at least, as we perceive landscape 

structure) . 



However, the rate of movement through the landscape was 

markedïy affected by highways, lakes, rivers and cities, even if 

the range of movement appeared not to be. Individuals would 

approach a barrier, slow their rate of travel and travel in a 

more erratic mumer before crossing the barrier or going around 

it . Their rate of speed before the barrier was slower than their 

rate after it. It may be possible that they were intimidated by 

the barrier and needed to approach the matter cautiously before 

deciding on a course of action. It may also indicate tbat they 

were aware of the existence and location of the barrier prior to 

actually reaching it, passibly seeing it well in advance or 

remembering it f r o m  past travels. Clearly, the saltatory nature 

of their travel was altered, increasing both the number and 

duration of stops- 

Forman and Godron also describe a study by Fritts and 

Mech (1981) to support their discussion of the importance of 

landscape features to wildlife and the influence of anthropogenic 

landscape elements on their distribution and behaviour. Several 

wolf (Canis lunus) packs were studied using radiotelemetry in 

Minnesota. Farmlands did not appear to affect their movement. 

However, they readily used roads and drainage ditches in their 

travels, In this case, wolves appear to prefer these introduced 



elements w f i i c h  may help them to move around their home ranges 

more easily and w h i c h  also fonu important dispersal corridors. 

The importance of particular habitat types in a landscape 

is illustrated by several studies on wildïife habitat preference. 

Thompson (1991) demonstrates that m a r t e n  (Martes americana) 

require a landscape which contains mature to overmature forest, 

both conifer and mixedwood. In clearcut and young successional 

stages, marten are either absent or exist in low numbers, subject 

to extirpation. If a landscape contains clearcut areas, then the 

home ranges of marten will be extended to incorgorate additional 

old forest, thus demonstrating that old forest is a necessaly 

component of the landscape to marten. 

Soutiere (1979 ) agrees, finding a significant reduction 

in marten density in clearcut and early successional stages. 

selective cutting does not appear to affect marten density. 

However ,  Doug1ass et al. (1983) raise the question that marten 

habitat choice may relate more tu prey availability than to 

habitat structure per se. In their study, they find that marten 

use particular habitats within the conifer forest based on the 

probability of finding prey rather than on the structure of the 

forest itself. 



Thompson (1991) feels that trapping in mature forest may 

be a significant cause of local extinction of marten, in addition 

to direct habitat loss due to forest harvesting. 

Casual observation of marten sets, observation of pelts 

during fur sealing and numerous discussions with trappers in the 

Cochrane area indicate that trappers in this area usually harvest 

juvenile marten in second-growth mixedwood stands, often along 

linear features such as roads and railway tracks .  

ft is no doubt easier for the trappers this way; however, 

they strongly believe that it is better for them to trap the 

juvenile marten and leave the mature marten tu regroduce. In 

this way, they believe, they are taking the 'surplus1 that nature 

provides without harming the repsoducing 'corel of the 

population. It may be that the mature, reproducing marten rernain 

in preferred old forest, while the subadult dispersing marten are 

left with suboptimal younger habitat. On the 0th- haad, it may 

siniply reflect higher trap susceptibility in juvenile marten. 

Thompson et al. (1989) found that fox near mitouwadge, 

northwestern Ontario, used 10 to 30 year old stands, while Halpin 

and Bissonette (1988) report aine foxes prefer open areas and 

mixed conifer stands in early -ter and mixedwoods in late 

w i n t e r  if the snow crusts over. Lindstrom (1982) and Henry 

(1986) found that fox prefer edge habitats in boteal forests. 



Cavanagh et al. (1976) find in a study of selectively- 

cut, clear-eut and older clear-cut powerïines that the powerline 

offers differeat habitat to wildlife depeading upon how it was 

cut and maintained. F i r s t l y ,  they notice that the selectively- 

cut area supports more species, particularly forest interior 

species, while the recently clear-cut area supports less species 

(predominately edge species). The older clear-cut area supports 

the least number of species. They also find that even though the 

powerline may contain desirable forage for snowshoe hare, the use 

of the habitat is constrained by its distance from cover. 

In a shf lar study, Çchreiber et al. (1976) describe the 

effect of p o w e r l i n e s  on smallnummirls. They find that certain 

species of voles, mice and chipmUIljCs either prefer the powerline, 

avoid it or are indifferent to it. The study does not discuss 

possible interacting effects of  cover and predation. 

However, an experiment by Doucet et al. (1983) 

demonstrates this interaction clearly. Conifers (about one to 

three metres high) w e r e  planted in triangles on opposite sides of 

a 30-metre wide utility right-of-way. Previously, it waç found 

that deer did not use the right-of-way, probably because of its 

lack of cover f r o m  predators and exposure to wind. After the 

conifer corridor was introduced, the rider of deer was 

significantly greater in the plantation than in the right-of-way. 



De- clearly used these corridors to  facilitate crossing the 

right-of-way- 

Not only did deer use the conifer plantings as travel 

corridors, but they also concentrated their activity in the 

mature forest near them- Unfortunately, the deer learned late in 

the study that the planted conifers w e r e  a food source and 

completely destroyed most of them, This may have some 

implications for the study's findings. At the same the,  it 

demonstrates a clear link between deer, cover and forage habitat, 

An earlier study by Doucet et al- (19811 also 

demonstrates that deer activity is lower in powerlines than in 

the adjacent forest. Of interest is the fact that *typically, 

but not exclusively, deer tracks funnelled into runways when they 

approached the ROW [right-of-wayl and fanned out into the forest 

after crossing it . This pattern, and tracks made by deer which 

backtracked when they encountered the ROW, accounted for an 

increase in activity at the woods and ROW interface." 

Apparently, the powerline produces the type of filter effect 

defined by Forman and Godron (1986) . 
A study by Clark and Gilbert (1982 ) f inds that deer 

appear to select edge habitat but in discussing seeming 

inconsistencies, they do not mention the filter effect of such 

ecotones . 



Roads appear to produce suailar effects to powerlines. A 

long-term study on brown bears in Norway was conducted by Elgmork 

(1978) in w h i c h  it was found that 'statistically significant 

negative correlations exist  between the number of bear 

observations and the density of forest roads." 

In a study of grizzly bears, McLellan and Shackleton 

(1988) found that habitats close to  roads are used less than 

expected. The type of road (ie. prinryy, seconàary or tertiary) 

and the amount of traffic do not appear to affect the usage. 

As well, when bears use areas close to roaàs, they prefer 

to do so at night. when daskness offers cover and traffic is 

lighter. The authors also found that female bears with cubs tend 

to avoid the areas near roads less than do adult male bears, 

indicating an avoidance response to the presance of adult males, 

which are lmown to prey upon cubs and yearlings. They concluded 

that the roads themselves w e r e  avoided, rather than the habitat 

associated with roads. 

Although McLellan and Shackleton found that roads 

significantly affect the location of grizzly bears, they found in 

a later study (1989) that industrial activities connected w i t h  

seismic exploration do not have an immediate or noticeable effect 

on grizzlies except to gain their attention occasionally. Key to 

both of their studies is the explicit description of landscape 



elements and their role in habitat choice, travel, foraging and 

predator avoidance. Landscape ecology, as an infonning theory, 

is not stated, yet is ïxuplicit in the structure and content of 

their stuàies. 

Studies of the effects of roads on smal1m;lmm;lIs have 

yielded interesting results. Adams (1984) finds that Blarina. 

Ochrotomvs and Peromvscus species are distributed similarly in 

highway median strips as they are in adjacent areas. Cbcïey 

al. (1974) find that roads of various grades inhibit the m o v e m e n t  - 
of small manmials, but that manmials preferring open habitat (eg. 

Microtus ~ennsvlvanicus) will cross roads mure thaa will manmtals 

preferring forest habitat (eg. Tamias striatus). 

A 1983 study by Adams confirms that grassland species 

prefer road right-of-ways. He also finds that less habitat- 

specific species appear t o  use the roadkight-of-way/adjacent 

habitat complex more than would be expected. The variety of 

species is also greater in road right-of-ways. Mader (1984) 

clearly shows the barrier effect of roads on &odemus 

flavicollis, a forest-dwelling mouse. Figures 6 and 7 

effectively demonstrate th is  effect. 

~erriam et al. (1989) found that white-footed mice 

(Peromvscus leuco~us) cross roads infrequently yet their 

rnovements near the road are long enough to  have crossed the road. 



F i g u r e  6 .  H o b i U t y  Dfagrai Showing Barrfer Effect of Road 
(Mader 1984).  



Figure 7. Mobilfty Dfagram Showing Number of  Movements Relative 
to  Road (Mader 1984). 



Movements near the road are much more frequent than movements 

across the road, 

Winter roads present an interesting type of road for 

study. W i n t e r  roads do not have the same type of bave1 or 

asphalt surface as the roads in the above studies. Instead, they 

are characterized by grassy vegetation. producing habitat similar 

to a naturally-occurring grassland or meadow. Douglass (1977) 

finds Wlat forest-dwelling northern red-backed voles avoid winter 

road habitat while meadow voles prefer it. 

In a study on small mammals in logged areas, Monthey and 

Soutiere (1985) found that 

overall, small mananal use was greater in 
partially eut and clearcut softwoods than in 
uncut softwoods. and greater in partially eut 
softwoods than in the slash stage of clearcuts. 
The slash stage received less use by the small 
mdmmal community than Rubus or sapling stages of 
clearcuts. Small manmal activity was greater in 
uncut hdwoods than in uncut softwoods or the 
slash stage. and lesser in uncut hardwoods than 
in partially cut softwoods. Relatively more 
small manmals w e r e  caught in partially cut 
hardwoods than fn uncut softwoods, the slash 
stage, or Rubus stage. 

A study by La P o l l a  and Barrett (1993) found that meadow 

voles prefer to use corridors t o  disperse among patches rather 

than dispershg through the matrix. Henein and Merriam (1990) 

confinned that "any connection between two isolated patches is 

better than no connection at a l L m  



Maccracken et al. (1988) produced an interesthg study on 

the use of habitat by snowshoe hare. In W s  study, they 

examined the role of abiotic factors, ie. slope, aspect and 

elevation. as well as biotic c o d t i e s  on hare habitat use* 

They found that hare use particular habitats based on relative 

cover and forage availability. Closed canopy white spruce (Picea 

crlauca) stands are preferred as are dense alder (Alnus spp.) and 

willow (Salix spp.) thickets .  Preferred foods are spruce and 

willow; alder is not selected as a forage species. This is 

contrary to a study by Wolff (1978) who found that hare prefer to 

eat alder and Labrador tea [Ledum araenlandicum) as uell as 

spruce and willow, 

Casual observation of browsed plants and alder glades in 

the Cochrane area indicate that alder is neither a preferred 

forage species nor used for cover. &are seem to prefer aspen and 

spruce for forage. Tamarack ( L a r i x  spp.) are also browsed, 

particularly during times of high population densities. Dense 

spruce and immature mixedwood patches appear to be used most for 

cover . 
However, MacCracken et al. w a r n  against making 

generalizations about harets use of habitat during times of 

population highs when suboptimal habitat often contains higher 

densities. Their study (and my own) was not conducted during 



population highs, thus avoiding confounding factors due to 

densi ty . 

Further study fry Wolff (1980) confirmed his initial 

findings on the importance of patchy habitats to snowshoe hare. 

He discusses hare habitat use in terms of an interaction among 

hare, its vegetation requirements for cover and food and its 

predators. An explicit discussion of "the role of dispersal in a 

patchy environment' is also carried out, He found that hare 

prefer dense stands of spruce or willow/aider in the winter, 

These species provide both cover and food components. fn the 

summer, hare move to more open shrubby patches to take advantage 

of the different nutrient composition of these food sources. 

However, in times of high hare population, hare will 

occupy suboptimal patches which may lead to higher mortality in 

these areas. The patchy composition of the landscape allows hare 

to move among different patches depending upon t h e  of year and 

population cycle. As well, Wolff points out that a patchy 

environment allows hare to select optimal habitat offering both 

food and cover. These optimal areas function as refugia during 

times of increased food and predator stress, from which 

dispersing individuaïs can emigrate during times of population 

increase . 



Thompson et al. (1989) found that snowshoe hare prefer 

successional habitat about 20 yeazs old in boreal mixedwood 

areas. Higher track counts were also found in overmature stands 

where canopy gaps contain more browse. Parker et al. (1983) also 

noted that hare prefer 20 year old stands. 

Murray et al. (1994) further examine the relationship 

between snowshoe hare, habitat use and predation, but £rom the 

predators' perspectives. Habitat use by lynx and coyote (Canis 

latrans) in relation to hare distribution and abundance was 

examined. They found that lynx use open spruce forest and avoid 

unforested areas; whereas, coyotes use closed spruce farest and 

unforested areas. In years of low hare density, both lynx and 

coyote were found in habitats where hare were concentrated, while 

in years of high hare density, coyotes used habitats in relation 

to their availability, thus evincing no preference for habitat 

type. Lynx habitat use did not alter during times of high prey 

availability. 

Murray et al- raise the question that the differing 

habitat use between lynx and coyote in relation to hare 

distribution may be due in part at least to an avoidance response 

of lynx to coyotes. With regard to predation, the authors found 

that lynx hunt hare in relation to lynx' habitat use, whereas 

coyote tend to hunt hare more in dense spruce. In an earlier 



paper, Murray and Boutin (1991) spedate that coyote hunting 

success is related to its greater foot-load (ie- ratio of weight 

to foot size) compared to lynx. Deeper and softer snow tend to 

hampe coyote movement but not lynx. 

Thompson et al. ( 1989 ) found that lynx pref er 

successional mixedwood habitats about 20 years old, but were not 

generally found in mature forest. Parker et al. (1983) also 

noted that lynx prefer 20 year old stands; h ~ w e v e r ,  they were 

also found in mature forest more often than expected. 

Ferron and Ouellet (1992) looked at snowshoe harems use 

of summer habitat. They found that hare do not use mature 

conifer stands or areas with little deciduous understory, 

preferring instead hardwood and mixedwood areas with canopy 

closure and herbaceous grouud and shrubby vegetation. Dense 

understory is particularly important to hare, presumably because 

it offers cover from predators. The authors found that habitat 

structure was more important to hare than vegetation composition. 

Small and Keith (1992) related predation of snowshoe hare by red 

fox to the proportion of dense understory habitat available in a 

hare's home range. 

Keith et al. (1993) examined snowshoe hare survival in a 

highly fragmented landscape in Wisconsin, They found that hare 

density appears to be unrelated to patch size, but that 



extinction takes place more frequently in s m a l l  patches than in 

large, unless juvenile m e s s  occurs. Reproduction rates do not 

appear to be affected by patch s i z e .  However, dispersal success 

is lower for hare f r o m  smaller patches. 

Landscape ecology is a rapfdly maturing field of study 

which deals explicitly with landscape heterogeneity and its 

effects on species. Human disturbance is considered a key 

element within landscapes. However, as with al1 relatively 

recent disciplines, key concepts and methods are still being 

developed and debated. This makes for a very exciting f ield of 

study, yet one w h i c h  is fraught with confusion and controversy. 

The key to understanding the field and its contributions 

is the same as in al1 of science, One must define the spatial 

and temporal scales under discussion and realize that the results 

of any study, even one designed to illustrate key concepts, is 

limited to that study. Any attempt to abstract from the specific 

to the general must be treated w i t h  caution until more tests have 

been undertaken to support or disprove the theories implicit in 

the concepts. Given these cautions, it is still considered 



appropriate to use the concepts of landscape ecology to guide 

this research and the interpretation of results. 

Also worth noting is the fact that although many studies 

specifically dealing with wilàlife seek to elucidate 

relationships between species and their habitat, few do so within 

a landscape 'ecological framework- Riewens work probably cornes 

closest to examidng the connections between human disturbance, 

wildiife and the natural environment- However, his work has been 

criticized for being too generaï with a lack of scientific 

rigour. Even so, it has value as an attempt at a synthetic 

landscape level exmination of relatianships among social, 

physicai and biotic elements- 

çpecific to snowshoe hare, red fox and lynx, the studies 

examined clearly show a relationship between the species of 

interest and their habitat requirements within a landscape. 

However, they also show a relationship between habitat choice and 

other elements of an individual's life history. There are 

important links among habitat choice, predator/prey relations, 

reproduction and dispersal, among others, and these links greatly 

influence each other. Therefore, it is difficult to separate one 

from the others without at least acknowledging the existence of 

these links and their effects on each other, 



With one aception, the literature regarding hare does 

not examine corridors as habitat types within the landscape, nor 

does it deal explicitly with ecotones- The one study which does 

examine harets use of eut line corridors does not examine the 

effects of the adjacent habitat types nor the effect of distance 

from the corridor. 

The fox literature is sketchy, consisting primarily of a 

telemetry study relating primarily to large landscape features 

such as lakes and cities, rather than the smaller features of 

ditch and narrow road. Other studies examine fox use of habitat 

in relation to their predation on hare. Of the few studies that 

exist regarding fox habitat use, none relate in a detailed way to 

the effects of corridors and their adjacent habitat. 

The important link between lynx and snowshoe hare has 

been well-researched. However, the habitat needs of lynx have 

not been so well-studied, except in a few studies examinina lynx 

habitat use in relation to the location of hare. One interesting 

study casts light on the relation of lynx habitat use to 

predation on lynx by coyotes, leading one to wonder if the 

location of lynx tracks has more to do w i t h  cover rather than 

prey availability. 

As well, very few studies are conducted in the boreal 

forest, fewer in northern Ontario and none at al1 in the Claybelt 



region of northeaçtern Ontario, w h i c h  is vastly different in 

topography, composition and character from the bore& forest of 

northwestern Ontario. This research project atternpts to fil1 

some of the gaps in the literature by explicitly the 

location of tracks with respect to corridors of various types. 

A t  the same the,  it looks at track distribution according to 

distance from the corridor and the habitat type present, AU of 

this takes place in a seldom studied portion of the boreal 

forest, namely the Claybelt region of northeastem Ontario. 

The following chapter outlines the methods used in data 

collection and analysis and describes the study area in terms of 

its physical geography and socio-economic environment. 



This research project was designad to investigate the 

relationships of snowshoe hare, red fox and lynx track locations 

to habitat type and distance from corridors in a disturbed w i n t e r  

ezwironment in northenstern Ontario, The patterns of interest in 

this project exist at the landscape or macro-scale level. 

However, these patterns are created by the movement of anirnals, 

which is in turn influenced by micro-scale factors, like habitat 

availability, patch type and configuration, snow depth and 

texture, temperature, etc. In addition. data collection for this 

project is also at the micro-scale level (ie. on snowshoes). 

This htroduces a problem of scale into the research. Landscape 

ecology offers tools to deal w i t h  different scales. 

A line transect approach to the collection of data is one 

such tool. Sampling of habitat type at each point where a track 

intersects the transect aids in the elucidation of patterns at 



the macro-scale even though sampling occurs at the micro-scale, 

What is sought is the pattern of animal tracks on the transects 

at specific but unknown t h e  points- T h e s e  tracks can then be 

related to habitat type and distance from corridor. 

Relationships can then be identified through statistical 

analysis . 

In addition to the choices t h s t  upon the researcher by 

chance and circumstance, a number of factors were considered when 

deciding upon the finaï research location and design, This 

chapter describes the processes followed for locating the study 

sites and collecting aad analysing data, along w i t h  accompany%ng 

rationale explainhg the decisions reached. 

3.2. Studv Sites. 

The landscape of northeastern Ontario is patchy, with 

stands of poorly-drained lowland black spruce occasionally 

interspersed with drier, upland jackpine stands and sera1 aspen 

and alder stands. Dottiag the landscape are innumerable ponds, 

lakes, rivers and streams- Recent burns and logged areas 

increase the heterogeneity of the region, while the intersecting 

lines of hydro-electric corridors, pipeline rights-of-way, 



logging roads and railways overlay the landscape matrix, The 

abundance of logging and mining activities, tovism and 

recreation and transportation m e a n  that very few spots in the 

woods are actually quiet. The evidence of human activities is 

everpresent. 

The Cochrane District yields a representative portion of 

northeastern Ontario's boreal forest. Most of the district is 

Elat, wet and clad in black spruce. On eskers and old beach 

ridges, jackpine hold sway, while in disturbed areas, alder and 

aspen/poplar indicate intermediate successional stages. These 

vegetation classes often oc- in discrcte stands corresponding 

to such variables as soi1 type, drainage and aspect. Stands are 

fairly accurately mapped in Ontario's Forest Resource Inventory 

series, allowing the researcher to determine age and species 

composition of forest stands. 

The specific area of study for this research is located 

several kilometres south of Cochrane (49' 04 ' N and 81° 01 ' W) in 

the Claybelt portion of northeastern Ontario (Figure 8). The 

area is characterized by poorly-drained lowland black spruce 

stands with mixedwood stands composed priniarily of poplar 

(Po~ulus tremuloides and Po~ulus balsimifera), white and black 





spruce (Picea crlauca and Picea mariana) and balsam fir (mies 

balsamea) on u p l a .  areas (eskers, well-ürained riparian areas) .  

The climate is classed as severe mid-latitude subarctic, 

continental although modified by the presence of Hudson Bay's 

substantial mass of frigid water (McKnight 1987). As such, the 

climate is fairly d r y  with roughly 800 mm of precipitation 

annually, of w h i c h  approximately 240 mm fa11 as snow. Unbroken 

snowcover exists each year f r o m  late October until late -ch, 

w i t h  a usual maximum accumulation of about 60 cm. The average 

annual temperature is about 5 degrees Celsius with an average 

Jaauary  temperature of -17 degirees Celsius and average July 

temperature of 16 degrees C e l s i u s .  Daytime temperatures in 

sunrmer rarely rise above 30 degrees Celsius. Nighttime 

temperatures in January and February regularly reach below -40 

degrees Celsius for extended periods of t h e  w i t h  accomganying 

wind chi l l  factors. 

Soils are comprised of glacial tills and lacustrine clays 

over bedrock. In lowland areas, soils are overlain by tens of 

centimetres of organic material. Elevation is about 900 metres 

above sea level. The area receives in excess of 1600 hours of 

bright sunshine a year, ~ 5 t h  between 160 and 200  days with 

precipitation (Matthews and Morrow 1985). There are about a 



thousand growing degree days aPd between 60 and 100 frost-free 

days per year. The area is located in zone 2b of the United 

States D e p a r t m e n t  of Agriculture plant hardiness zone map. Root 

crops such as potatoes thz5ve in the clay soil, 

Cochrane is a town of (officially) 4500 people, with a 

diversified economy consisting primarily of logging, pulp 

production, touriçm and a fairly well-deveioped services sector. 

The area has been settled by non-natives for almost a century. 

Before white settlers arrived, native bands lived and traded 

along &e Abitibi River. Rridence of nearly a thousand years of 

native life d s t s  in several archaeohgical digs in the area and 

in the memaries of local elders of the New Post First Nation. 

The Hudson Bay Company was active in the area in the last 

century, closing their last local post in about 1920. 

Hunting is an important recreational and economic 

pastime, while trapping occupies a significant portion of the 

local economy and lifestyle. The logging practices in the area 

CO-exiçt with both of these activities and do not appear to have 

negatively affected them, or much of the wildiife species upon 

which hunting and trapping depend (caribou and cougar being 

exceptions) . 



fndeed, the forests surroundhg Cochrane support several 

important local industries. Within the Ontario Ministry of 

Natural Resources' Cochrane Administrative District 

there are two paper mills, two sawmills, and a 
plywood manufacturing plant- These industries 
plus their associated woodlands operations employ 
a total of approximately 2,500 persons. 
Approximately 1,l34,OOO m3 of conifer and 345,000 
m3 of hardwood are cut annually- G e n e r a ï l y ,  
there will be a sufficient wood suppïy to meet 
the demilnds for the next 20 years, although 
localized shortage problems may occur, 

Cochrane District has an estimated population of 
3,600 moose, of which approximately 7% are 
harvested annually- The black bar population is 
estimated to be 1,000 Rnimals with an mual 
harvest of 80-100 -1s. A low density of 
woodïand caribou are [sic] to be found in the 
northern section of the district- There is no 
regulated hunt for these -1s and Native 
hanrest is quite low, 

Big game harvests generate an esthated 
$1,000,000.00 in revenue annually to the local 
tourist industry as well as $50,000.00 to the 
provincial treasury in revenues from licence 
sales. 

Approximately 3,200 beaver, 1,500 dnk,  300 
weasel, 300 fox, 600 muskrat are harvested 
annually- The total revenues generated from 
sales is approximately $180,000.00 annudlly. 
[information provided by OMNR Cochrane District 
dated 19911 

The Cochrane area was chosen as the research site because 

of ease of access for the researcher and familiarity w i t h  the 



area, as well as for the Zmportant intersection of huating, 

trapping and logging activities it offers. In addition, the area 

is crisscrossed w i t h  corridors of al1 types, al1 readily 

accessible with snowmobile and snowshoes. 

This research project is concemeci with wildïife track 

patterns in disturbed lanüscapes. Most of +Ae Claybelt area of 

northeastern Ontario's boreal forest has been disturbed 

historically by human activity. The face of the landscape has 

changed remarkably, f r o m  a pattern of large relatively 

homogeneous patches to one in which the original matrix is 

modified and overlain with numerous smaller, qualitatively 

different patches and networks of corridors. Consequently, study 

sites incorporating typical patch types and corridors were 

sought. Sites w e r e  to be in disturbed areas but easily 

accessible on snowshoes. A control site relatively free of 

disturbance was also sought for compasison. 

Green (1979 ) recomnends th is  stratif ied approach for 

sampling large-scale environmental patterns as it limits among- 

site variation. The landscape is stratified into relatively 

homogeneous subunits according to defined criteria, in this case, 

topography and corridor twe. Cochran (1977) also recomends 

stratified sampling for autocorrelated populations where 



observations can be expected to be m o r e  a l i k e  when they are close 

to each other  rather than apart. Hare tracks can be logically 

assumed to conform to this assimiption. 

Four study sites w e r e  chosen based on landscape 

composition and the presence of corridors: 

1. an intensively-sampled site ("road transects'), 

2. an upland site (mhydroline transectsm), 

3. a lowland site (Witch transectsm), and 

4 .  a control site [*control or bush transectsw) . 
The intensively-sampled site is located approximately 20 

lan south of Cochrane. It is accessible f r o m  Highway II and 

contains second-growth conifer, hardwood and mUredwood stands 

about 70 years old as w e l l  as virgin 135 year old conifer. An 

abandoned, asphalt-surfaced highway (the old Matheson highway) 

crosses the site (Figure 9) and forms the corridor habitat for 

this  s i te .  Successional forces are at work, slowly reclaiming 

the old road and eroding the pavement. The corridor is about 6 

metres wide. The s i t e  is located about 100 metres in from 

Highway 11. Fourteen 50-metre long transects were located at 

this site, 

The upland site is accessible from the Concession 3 and 4 

Lamarche township road and is located about 200 metres in from 



F i g u r e  9 . P h o t o  s h o w i n g  O l d  Eighway a t  I n t e n s i v e l y -  
Sampled Site, 



the road, This site consists of second-growth poplar w i t h  some 

white spruce and balsam fir, about 55 years old, and is situated 

near the shore of the Frederickhouse Etiver, Deeply incised 

Stream and drainage channels cross this site- The corridor 

consists of a hydroelectric power transmission corridor (Figure 

10) , This corridor is mch wider than the rest of the corridors 

at about 16 metres wide. Seven transects were located here. 

The lowland site is also accessible from the same 

concession road and consists of second-growth black spruce of 

about 55 years old with a drainage ditch bisacting the site 

(Figure 11). The corridor is about 6 metres wide. The site is 

located about 50 metres in from the road. Four transects were 

located here. 

The control site is composed of mixedwood poplar/black 

spruce stands about 50 years old and pure black spruce stands 

about 120 years old (Figure 1 2 ) .  It is accessible from EZighway 

Il as well. The site is situated about 200 metres in from the 

highway. Three transects were located here. The control site is 

located on private land to minimize disturbance, while the other 

sites are on Crown land and were used for snowmobiling, hunting 

and trapping during the t h e  of the study. 



F i g u r e  10. Photo Showing E y d r o l i n e  at Upland Site. 



F i g u r e  11. Photo Showing O l d  D i t c h  a t  Lowland S i t e .  



Figure 12. Photos  Showing Control Site. 



The soils at al1 sites are humisols and humic gleysols 

with relatively poor to poor drainage. 

Permanent line transects were located perpendicular to 

each corridor at each of the above sites. L i n e  transects are 

recommended by Smith Cl9801 because the method is " rapid, 

objective, and relatively accurate-" It is parti~larly useful 

for noting change in vegetation. For animals, it is important to 

limit the duration of transect studies because of the effects of 

extraneous factors, such as weather or population cycles 

(Thompson et al. 1989). This study was limiteci to one winter 

(four months - January through April, 1992) for practical 

purposes. 

Snow track surveys using line transects have been used by 

Douglass et al. (1983), Doucet et al. (1981, 1983), Riewe (1979, 

1980) and others. Doucet and Bider (1984) used a sand track 

survey of line transects through experimental corridors to 

examine activity, while Clark and Gilbert (1982) and MacCracken 

et al (1988) used line transects to count deer and snowshoe hare 

pellets respectively. Snow track surveys are particularly 

effective in northern Ontario because the long winters, dry cold 

and little snowfall combine to aid in data collection. The 

frozen ground malces movement in the bush much easier, while the 



dry, crisp snow shows tracks clearly for a longer period of the. 

Additionally, a track survey yields a large sample 

compared to, for example, a radiotelemetry sample. Although it 

may not be as precise as using radiotelemetry, .a track survey may 

be more representative of the species involved since there is a 

larger number of individuah of each species in the sample. As 

well, the track survey takes into account several interacting 

species as well as the space they interact in, Most telemetry 

studies concentrate on only one species at a t h e .  

The beginning of the transects corresponded to the centre 

of the corridors. These became the zero metre marks, so that 

transects stretched 50 metres (or 75 metres for hydro corridors) 

to either side of the corridor, with the corridor occupyhg the 

first several metres of the transect. Transects were 50 metres 

long for al1 sites except the transects along the hydroline, 

which were 75 metres long to adjust for their wider corridors (16 

metres versus 6 ) .  Length of transect was chosen to reflect the 

range of distance-influenced habitat in the vicinity of 

corridors. Several authors have show that edge effect for 

vegetation, although species-specific, can be shown to be 

negligible beyond 10 - 30 metres into the forest (see Wilcove et 

a l  1986) . Luken u. ' s (1991) study of power-line corridors -* 



considered 10 - 20 metres w i t h i n  the forest to be interior 

forest. 

Transects were placed 50 metres apart along the length of 

the corridor, with the first transect located randomly in the 

site, Hughes (1962, in Southwood 1971) recommends this approach 

for aggregations such as animal tracks. Similarly, Cochran 

(1977) recommends this form of systematic sampling for clustered 

sample subunits in a stratified sampie as it offers a gain in 

efficiency without a loss in precision. 

Fourteen transects were placed in the intensively-sampled 

site (road) ; seven were placed on îhe upland site (hydroline) ; 

four were placed on the lowland site (ditch); and three were 

placed in the control site, resulting in a total of twenty-eight 

transects. Each transect was marked at the corridor edge by two 

rows of orange flaggiag tape to aid in locating them later 

(Figure 13). 

Although no flags were removed during the four months of 

the study, most were removed sometime during the next year, 

probably by the local trapper or by snowmobilers. This made it 

difficult to locate transects in following years. This behaviour 

is unusual in the area since most locals Imow the importance of 

leaving flags untouched. The forest is liberally marked with 



Figure 1 3 .  Photos Showing Flagged Transects. 



flags from trappers, loggers and recreational users. In the 

future, it is reconmiended that permanent transects be marked w i t h  

paint rather than flags. 

3 - 3 .  Data Collection. 

It was felt tha t  an observational approach to this 

research project w o u l d  be more useful than an 

experimental/manipulative approach, for several reasons. 

Firstly, very few assumptions are made in observational research 

relative to experimentalfmanipulative research. The researcher 

records what is made apparent to her/him over the .  The results 

of such research may or may not result in clear relationships 

among factors. However,  they will identify factors upon which to 

base further research to test relationships among those factors. 

In that sense, observational research provides both 

baseline data for further research and a preliminary exploration 

of phenornena in order to ascertain possible relationships for 

further study. In the case of this project, such observational 

research resulted in the identification of strongly-related 

factors which will form the basis for future research in to  the 

pattern of animal tracks in w i n t e r  landscapes. 



Finally, because this research project is essentially a 

landscape-based one, experimentaï~manipulative approaches are 

quite difficult due to the large space involved and the interplay 

of a myriad of wctraneous factors, such as mortaliw, migration, 

huntiag pressure, etc. Such factors may not be of significance 

in an observational study carried out in a relatively short time 

-an; however, over a longer period of the, they may interact to 

alter the patterns of the environment, including those under 

investigation. 

Data collection for this project consisted of snowshoeing 

each transect at least twice, during the period January through 

April. The intensively-sampled and control sites were sampled 

from two to five times, while the upland and lowland sites were 

only sampled twice. The upland and lowland sites were sampled 

lightly primarily in order to determine whether the track 

distribution echoed that of the intensively-sampled area. If 

there w e r e  no significant difference, then one could assume that 

different types of corridors affect track distributions in 

similar ways . Thus, al1 the transects ' data could be lumped 

together for analysis, enlarging the sample and applying the 

findings to a broader area. 



Sampiiag occurred w i t h i n  several days after a snawfall, 

so t h a t  the same tracks w e r e  never cou~ted twice- Transects w e r e  

divided into ten-metre i n t d s  from the centre o f  the corridor 

(representing the zero mark). The number of track observations 

for each species per distance interval was recorded. When tracks 

followed the snowshoe t r a i l  for  any distance, the point where the 

animal f i r s t  en tend  the  transect was used. 

H a r e ,  fox and lynx al1 followed the saawshoe trails 

occasionally, probably because the packed snow was easier  t o  

travel on (Figure 14) . It is not believed that this tendency 

biases the results  very much because, although the snowshoe trail 

was crooked, 

transect d id  

t r a i l  . 

the transect remained s t ra ight .  The tracks on the 

not appear t o  be much influenced by the snowshoe 

A t  the same t he ,  the dominant habitat  type for  each 

distance interval was also recorded. H a b i t a t  t y p e  was based on a 

combination of overstory and understory vegetation and 

characterized into seven classes: 

1. edge (corridor, grass, alder, immature trees) 
2. immature conifer 
3 .  mature conifer 
4. immature hardwood 
5, mature hardwood 
6, immature mixedwood 
7. mature mixedwood 



Figure 14. Photo  Showing Fox and Hare Tracks 
F o l l o w i n g  Snowshoe T r a i l .  

Figure 14a Photo Showing Lynx Tracks Following 
Snowshoe Tra i l .  



The above data collected was of sufficient qwlity to be 

analysed çtatistically. However, it was also felt that 

additional qualitative information could be used to aid in 

interpreting the results of the statistical analysis. Hence, 

interesting observations, eg. browse utilization, animal 

behaviour, animal sightings, etc., were recorded as well. 

in addition, ten individual hare mails were followed, 

independently of the transects, for an interpretative comparison. 

Trails were marked on graph paper, w i t h  each square representing 

one square metre. Habitat types were magped on the graph paper 

as welL These rough diagrams were then translated into line 

diagrams using Microsof t Windows ' P a b t b n t s h  function. 

in order to illuminate the findings still further, local 

trappers w e r e  questioned infotmally about their understanding of 

hare, fox and lynx habitat use and relationship to corridors. 

Many of the Cochrane area trappers have decades of experience, 

and it was felt that a comparison between their experiential 

knowledge and the results of the &ta analysis would be 

interesting in itself and could point out inconsistencies and 

areas for further research. 



3 -4 .  Data Analvsis. 

Ail observations were input into a database, usiag DOS 

Editor. The database contained 848 observations organized in 

columns of 'date', tspecies@, @transectn, @distancet and 

'habitat'. This was imported into Dbase III+ for quick searches 

and rearranging the data- However, the DOS file was used for 

statistical analysis. I t  was imported into SAS for descriptive 

and multi-variate analysis, SAS has a ntmiber of procedures which 

easily sort and analyse data based on the column (variable) 

titles, The following output was produced by SAS: 

1) Graphs and tables of frequency of track observations 

by distance interval and habitat type along with 

corresponding descriptive statistics for hare, fox and 

lynx; 

2) Contingency tables of distance by habitat along with 

corresponding Ekelihood-ratio chi-square values for each 

species ; 

31 Correlation analysis for each of the above; and 

4)  Loglinear analysis for each of the above. 

The Shapiro-WLlk test was performed to test  for normalcy 

of the data. The power of this test in detecting departures f r o m  



normalcy is excellent (Zar 1984). Variances, skewness and 

kurtosis were d e t d e d  for each transect and for the pooled 

dataset. The Kruskai-Wallis test of homogeneity was performed in 

order to justify l u m p h g  transects. The test of homogeneity 

allows one to determine if samples can reasonably be expected to 

corne from the same population (Jelinski 1991), thus can be pooled 

to obtain a larger sample (Zar 1984) . 
Goodness-of-fit tests were performed to determine whether 

track distributions occurred in proportion to habitat 

availability and distance interval. They w e r e  also used to test 

whether the track distributions of fox and lynx. ecboed each o t h e r  

and that of hare. The likelihood-ratio test was used to indicate 

whether the variables Distance and Habitat were independent. The 

likelihood-ratio test approximates a chi-squared distribution but 

is not constrained by expected cell values of less tban five 

(Jelinski 1991) - 
Correlation analysis was done to test for associations 

among variables, ie. "the amount of variability of one variable 

(either Y or XI accounted for by correlating that variable with 

the second variablen (Zar 1984 1 . Spearman ' s rank-order 
correlation was calculated as appropriate to nonparametric data. 



Loglinex analysis was also performad to ascertain the 

strength of interactions between variables. Such models are 

useful where variables are not divided in to  response (dependent) 

or -lanatory (independent) (Wrigley 1979 . According to 

Wrigley, the 'loglinear mode1 approach to the anslysis of cross- 

classified categorical data involves the fitting of a set of. . 

.models to the observed contingency table data and the selection 

of one of the models as the most acceptable on the basis of its 

goodness-of-fit,*parsimony and substantive rneaning." The 

goodness-of-fit is tested using the log-likelihood ratio. Twice 

this quantity gives the G statistic &ch approximates the chi- 

square distribution but is not subject to the same limitations 

(ie. when expected cell d u e s  are less than 5 ) .  Loglinear 

A A 
analysis is appropriate in situations where 1 f, - f, 1 < f, ( Z a r  

An information analysis was performed to define further 

relationships between the variables Distance and Habitat, in 

relation to the track distribution, in order ta determine which 

variable contributes most to the observed pattern. Information 

analysis is nonparametric, ie. free of assimiptions of nonnalcy, 

and is also void f r o m  any effect of correlation of variables. 



A software program, PEGAÇB, based on information theory 

and developed by Michel Phipps (1981aL was used in this 

analysis. fn a divisive, stepwise fashion, PEGASE calculates the 

mutual information brought by each class of the variables and 

groups together those sets that contribute the most to the 

information contahed in the observed pattern. Each subset so 

formed is subjected to the sama procedure until stopping rules 

end the process. This results in sets grouped according to the 

classes which provide the greatest relative mutual information, 

ie. those classes which contribute most to creating the patterns 

in the landscape. 

PEGAÇE has been used successfully to aid in developing an 

Ecological Land Classification . ( D a v i s  and Dozier 1990), to study 

the relationships between land use systems and soi1 

characteristics in the rural landscape (Dumanski et al. 1987) and 

to identify ethno-linguistic influences on the landscape in 

Ontario and Québec (Phipps et al. 1994) . 

Information analysis in th is  respect is based on the 

theory that the amount of information contained in a landscape 

determines the patterns displayed in the landscape and is a 

function of the information contained by each element w i t h i n  the 

landscape. Therefore, each element (or variable) contains a 



certain amount of information which contributes to the t o t a l  

information contained in the landscape. The total information is 

manifest in the landscape pattern. This information can be 

measured and the relative contribution of each element to the 

whole observed pattern can be determined. 

information in this sense refers to a measure of the 

knowledge gained when the amount of uncertainty or entropy 

contributed by the element is caïculated. &hximum uncertainty 

equals maximum entropy. Theoretically, the mathematics of 

information theory lead to a maximum entropy approaching 1, as in 

equation 1: 

H-(A) = hm when p, =l/rn,Vj 

w h e n  m represents the number of classes of a variable, j 

represents a particular class, and there is an equal probability 

of each class being sampled. 

mtropy is minimized (ie. uncertainty is minimized) when 

the probability associated with one class is high while the other 

is low, as in 

&(A) s O when p*, a 1 and p, = O ,  V j  + *j 

~n 0th- words, entropy is maximized when the amount of 

information contributed by any class is l o w  and minimized when 

the amount of information contributed by any class is high. 



In a practical two-state system lie, presence or absence 

of tracks), however, the maximum entropy will lie somewhere 

between the extremes- This represents an amount of uncertainty, 

greater or lesser, that cannot be predicted as one element 

constrains the expression of another. 

ft is possible to understand the amount of information 

which each class contributes to the total entropy by calculating 

the mutual information relative to each class. This gives a 

measure of the uncertainty which is removed given a knowledge of 

the amount of information contributed to the whole by each class- 

The equation expressing this is given by 

I(A,B) = H(A) - %(A,B) 
where 

H,, (A) = -C [pi x Ef, (A) 1 

where H(A) represents the initial entropy of the system and 4 

represents the entropy of the system given a knowledge of B- 

Prior to the information analysis, the dataset was 

rnodified to be accepted by PEGASE, which operates only on 

discrete, categorical variables, A continuous variable, such as 

distance must be divided into discrete segments, for example, 

ten-metre intervals. The values of variables must be coded, for 



example, transect ' 2  westl becomes '22', habitat type 'mature 

conifer' becomes 3 as PEGASE accepts only numerical values. 

Because PEGASE requires a matching number of 'non- 

observationse (ie. for each distance interval, there are equal 

probabilities of track presence or track absence), the original 

dataset used for the statistical analysis was expanded. The 

effective size of the datasetwas doubled as additional 'non- 

observations' w e r e  added. The non-obseryations matched the 

observations proportionately w i t h  respect to distance interval 

and habitat type. in effect, the information analysis is based 

on the presence or absence of tracks in each t a - m e t r e  distance 

i n t e m l  . 
PEGASE operates by calculating the initial entropy of the 

whole dataset. The first division is then performed using the 

variable which provides the highest initial entropy. The second 

division uses the variable which provides the highest remaining 

initial entropy and so on, until stopping rules end the process. 

A defïned level of significance, eg. p = 0 .05 ,  is a good stopping 

rule - 
PEGASE also produces a dendrogram illustrating the 

relationships and the entropy contributed by each class of the 

variables. Each t h e  a drop in entropy is encountered, it 



reveals the araount of uncertainty removed f r o m  the sample and 

indicates the relative contribution of the class to the observed 

pattern- Thus, one can clearly see which classes of the 

variables are most responsible for the observed pattern. 

The mapped individual haxe trails w e r e  examined in the 

context of the results of the statistical analyses to see if the 

patterns they showed echoed the statistical results, Similarly, 

trappersr knowledge was compared w i t h  the statistical results, 

The purpose of the trail maps and trappers' knowledge was to both 

illustrate the study's findings and offer 'real worldr support. 

3.5. Conclusion. 

The study site was chosen to represent the variety of 

corridor-influenced habitats available in the disturbed landscape 

near Cochrane. The snow track suryey method was chosen to take 

advaatage of both well-defined tracks and easier movement in the 

bush in winter. Snow track surveys have been well-utilized by 

0th- researchers examining the spatial relationships of wildlife 

and habitat. 

SAS offers a powerful tool fox  multivariate analysis, 

while information analysis offers another method of teashg out 



relationships and qlaining them through the contribution of 

information to the whole observed pattern. Qualitative data such 

as observed animal behaviour, individual trails and trapper 

knowledge aid in interpreting the results of statistical and 

information analyses- 

The following chapter presents the results of data 

analysis . 



-ter Four. Results. 

4.1, introduction, 

This chapter presents the results of the research 

project, beginning with dataset descriptive statistics, followed 

by the multi-iate analysis and ending with the information 

analysis. Rare results are presented separately f r a m  fhose of 

fox and lynx, because of their greater validity. Since the 

mapped hare trails and trappers knowledge are not statistical 

analyses, they will be presented brieEly and discussed more fully 

in the next chapter. 

The hare track sample was fairly large at 794 tracks, 

allowing for meaningful statistical analysis. The fox track 

sample was very small (n=301. The lynx track sample was even 

smaller (n=24). Therefore, very little can be said with any 

degree of certainty about either species. 

However, as both species are predators with similar 

ranges, behaviours and prey preferences, it was decided to 

combine the two datasets and analyse the results together. The 



combined results for fox and lynx are càlled 'PredatorB and will 

be presented together as prelbbary results. The information 

analysis was not performed on the lynx and fox data because of 

the small sample size. 

4.2 .  Results - H a r e .  

4-2.1. Descriptive Statistics - H a r e .  

M o s t  hare tracks (n = 426 or 54%) were found in the 

second and Wrd distance intervals correspondirrg to between 10 

and 30 metres f r o m  the centre of the corridor (Figure 15, T a b l e  

1). More tracks than expected w e r e  found in the second (chi- 

square = 23.403, p < 0.05) and thud distance intervals (chi- 

square = 13.893, p < 0.05) . Fewer tracks (n=43 or 5%)  than 

expected were found in the first distance in t eml  conesponding 

to the corridor and its immediate edge (chi-square = 84.629, p < 

O .  05 )  . Distance intervals 4 ( 3 0  to 40 metres) and 5 (40 to 50 

metres) contained numbers of tracks close to expected values. 

Most hare tracks (n=438 or 55%) were found in mature conif er 

habitat, with the next largest group (n=186 or 23%) being found 

in immature mixedwood (Figure 16, Table 1). ûnly 5% (n=43) were 

found in the corridor and its immediate edge. Mature hardwood 
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Table 1. Contingency Vable of Hare Data 





contained the least number of hare tracks (n=18 or 2%).  Hore 

tracks than expected were found in mature conifer habitat (chi- 

square = 118.229, p < 0.05). Less tracks than expectedwere 

found in corridor habitat (chi-square = 84.629, p c 0 . 0 5 ) .  

immature conifer (chi-square = 16.071, p c 0.05) , mature hardwood 

(chi-square = 6.125, p < 0.05) and mature mixedwood 

(chi-square = 20.253. p c 0 . 0 5 ) .  immature hardwood and immature 

mixedwood habitat contained track frequencies close to expected 

values. 

The Shapiro-Wilk test yielded a value W = 0.908383. p c W 

= 0.0, for the whole hare dataset. Variance s2 = 2.047, skewness 

= 0.56867 and kurtosis = 0-1625 for the dataset. This indicates 

a normal but positively skewed distribution. Each contributing 

transect was also tested. Most transects were normaily 

distributed, but with differences in variances ranging from 0.00 

to 4.25, skewness ranging from -0.00594 to 2.236068 and kurtosis 

ranging from -0.06239 to 5.00000, w i t h  some transects showing 

platykurtic distributions and some showing leptokurtic 

distributions. Thus, with tendencies to kurtosis, small samgle 



s izes  and apparent heterogeneity of variances, nonparametric 

statistical tests seem to be indicated. 

A test of homogeneity was  performed to justify lrmiping 

transects for further analysis. The Kruskaï-Wallis analysis of 

variance by ranks yielded H = 17.55, 0-5 c p c 0.9, not 

significant. It is therefore appropriate to pool transects for 

statistical analysis. 

Likelihood-ratio testing yielded a G value of 613.707, p 

= 0.000, indicating that the variables Distance and Habitat are 

not independent and that tracks are clumped. 

The loglinex analysis yielded the following results: 

Variable Chi -sauare - DF Prob 

Distance 388-79 
Habitat 15.66 
Distance*Habitat 229.56 

This indicates that distance influences track distribution more 

than habitat, with a strong distance/habitat interaction 

influencing track distribution as well. These results point to 

the conclusion that certain distance/habitat combinations are 

responsible for much of the observed track pattern. The 

information analysis described below aids in determinhg these 

specif ic combinations . 

The correlation analysis resulted in a Spearman 

correlation coefficient of -0.645, p = 0.026, indicating a 



signif icant correlation between distance and habitat, This 

correlation also necessitates nonparametric analysis- 

4.2.3-  Information Analvsis - Hare, 

The nonparametric information anaïysis was used to 

analyse the correlated variables, as information analysis is free 

from the effects of correlation and non-independence of 

variables. The results of the information analysis are found in 

Appendix I and sunmiarized in pictorial form in Figure 17. The 

results indicate '&t Distance contributes m o r e  to the observed 

track pattern than does Habitat as shown by a greater 

contribution to the negentropy of the dataset (54.1% versus 

45.9%). 

Specific combinations of variable classes contribute much 

to the track pattern. Corridor/O to 10 metres, corridor/lO to 20 

rnetres, mature conifer/lO to 20 metres, immature hardwood at al1 

distance intervals, mature hardwood/lO to 20 metres, mature 

hardwood/20 to 30 metres, mature hardwood/lO to 50 metres and 

mature mixedwood at 20 to 30, 30 ta 40 and 40 to 50 metres are 

al1 combinations showing the greatest contributions to the 

entropy of the dataset. These repxesent the combinations of 

variable classes that contribute the mst to the observed track 





pattern and are presented in Table 2. Table 3 shows the change 

in entropy at each division. 

However, the total reduadancy of the dataset is only  12%. 

indicating that the variables Distance and Habitat contribute 

only a smal l  part to the observed track pattern. O t h e r  variables 

not sampled probably contribute the bulk of the information 

contained in the track pattern. 

?inrl tpt- 
(from in i t ia  
entropy = 0.69)  

Table 2. Table of Selected mitat/Distance Combinations. 



Table 3 .  Table of Change of Entropy at Each Division of 
Information Analysis . 

4 . 2 - 4 -  Individual Trails - H a r e  

The te. individually-mapped hare trails are illustrated 

2. Obvious in most trail diagxams is the tendency of 

hare to parallel the corridor, slightly inside the forestis edge, 

before crossing. Crossings are usually at right angles to the 

corridor. The àiagrams show an increased 

the area near the corridor, as opposed to 

in the bush- 

tendency to 'zigzag' in 

generally linear travel 



4.3 , Resul ts - Fox and Lvnx . 

As stated earlier, the fox anif lynx sample sizes were 

small and therefore were analysed both separately and together. 

The results are given below to suggest possible trends to be 

investigated later with a larger sample. 

4.3.1. Descri~tive Statistics - Fox and L m .  

The greatest number of fox tracks (n=lO or 30%) w e r e  

found 40 - 5 O metres  £rom the centre of the corridors, with only 

three tsacks (9%) found in the first distance interval, O - 10 

metres from the centre of the corridors (Figure 18, Table 4) . 

Goodness-of-fit testing did not xeject the hypothesis that fox 

use distance intervals in proportion ta their availability (chi- 

square = 7.5, p > 0.05, not significant) . 

Slightly less than half of al1 fox tracks (n=14 or 47%) 

were f ound in mature conif er with 40% (n=12) being found in 

immature mixedwood habitat (Figure 19, Table 4 ) .  The rernaining 

four tracks w e r e  found in the corridor and in immature conifer. 

The hypothesis that fox used habitat types in proportion to their 

availability was not rejected at p c 0.05 (chi-square = 6.25, p > 

0.05, not significant (25% expected frequencies < 5) ) .  However, 
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Table 4.  ~ontingency Table of Fox Data 





at p < 0.1, analysis showed that fox tracks were not found in 

habitat types according to availability. Less fox tracks were 

Eound in hardwood habitat than expected- 

More than half of all lynx tracks (n=14 or 58%) w e r e  

found 20 - 40 metres from the centre of the corridors (Figure 20, 
Table 5 ) -  The rest (n=10 or 42%) were divided fairly evenly 

among the remaining distance intervals- Only three tracks (13%) 

were found in the 0-10 metre interval corresponding ta the 

corridor and its adjacent edge habitat- The hypothesis that lynx 

tracks were found in each distance interval in proportion to its 

avaihbil ity was not rejected (chi-square = 3 - 8 ,  p > 0.05, not 

significant) - 
Half of al1 lynx tracks (n=12 or 50%) were found in 

mature conifer (Figure 21, Table 5) . The remaining 12 lynx 

tracks were scattered evenly (n=3 or 13% each) throughout the 

rest of the habitat types, with the exception of no tracks found 

in inunature haxdwood and immature conifer. Goodness-of-fit 

testing indicated, however, that the hypothesis that lynx use 

each habitat type in proportion to its availability was not 

rejected (chi-square = 1.8, p > 0-05, not significant (25% 

expected frequencies c 5 ) ) .  

The non-significance of the goodness-of-fit testing for 

fox and lynx separately may be due to the small sample sizes. 





Table 5 ,  'Contingency Table of Lynx Data. 
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When the datasets were combined h t o  a *predatort dataset (Table 

6), goodness-of-fit testing indicated that distance intemmls and 

habitat types are not used in proportion to their availabflity 

(distance: chi-square = 10-09, p < 0-OS, significant; habitat: 

chi-square = 11.31, p < 0 -05, significant) - Eowever, no variable 

class showed significant values at the p c 0.05 level, leading 

one to believe that a larger sample size may show significant 

variable class use- At the p < 0.1 level, analysis showed that 

predator tracks were found in mature conifer in greater than 

expected values (chi-square = 3.55) . As well, they were found in 

distance interval 40 - 50 metres in less than expected values 

(chi-square = 3.27). 

Goodness-of-fit test* was not able to reject the 

hypothesis that the track distribution of fox does not differ 

significantly from that of hare (distance: chi-square = 4.5704, 

p > 0.05; habitat: chi-square = 1-5, p > O.OS), although the 

small sample size may mask any trends actually present in the 

population. Likewise, the hypothesis that the track distribution 

of lynx echoes that of hare was not rejected (distance: chi- 

square = 6.9624, p > 0.05; habitat: chi-square = O, p = 1). 

Similarly, the hypothesis that the combined fox and lynx track 

distribution echoes that of hare was not rejected (distance: 

chi-square = 8.1857, p > 0.05; habitat: chi-square = 1.6929, 
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p > 0-05). Neither was the hmthesis that the track 

distributions of lynx and fox echo each other significantly 

rejected (distance: chi-square = 2-95, p > 0.05; habitat: chi- 

square = 1.5294, p > 0-05) - 

4 - 3 - 2 .  Multivariate Analvsis - FOX and L m .  

For fox, the likelihood-ratio test yielded a value of 

36.993, p = 0 . 0 0 0 -  For lynx, the likelihood-ratio test resulted 

in a value of 47.639, p = 0.000- The significant values for both 

species indicate t h t  distance and habitat are not independent of 

each other and that the track distribution is not random; rather, 

it is clumped- 

Loglinear analysis yielded the following: 

For Fox: 

Variable Chi-sware - DF Prob. 

Distance 6 
Habitat 3 
Dista.nce*Habitat O 

For Lynx: 

Variable Chi-sauare - DE' Prob. 

Distance 8 
Habitat 2 
Distance*Habitat . 
These non-significant results indicate that the hypothesis of no 



effect of distance or habitat on either species was not rejected. 

Correlation analysis yielded a Speannan correlation 

coefficient of -0,082, p = 0.244, for fox and 0.175, p = 0.281 

for lynx, indicating that the hypothesis that the variables are 

not significantly correlated was not rejected. 

Likelihood-ratio testing on the pooled predator dataset 

yielded a value of 14.402, p = 0.002,  indicating that the 

variables are not independent of each other and the track 

distribution is clumped. The Sgearman correlation value was - 

0 - 0 8 0 ,  p = 0 -133, indicating that the hypothesis of non- 

correlation of variables waç not rejected. 'Phe loglinear 

analysis on the pooled data gave non-signicant values as well 

(distance: chi-square = 0.10, p = 0.7515; habitat: chi-square = 

7 . 8 0 ,  p = 0 . 0 5 0 3 ) .  Therefore, the hypothesis of no interaction 

of variables was not rejected. 

Several trappers w e r e  informally qpestioned regarding 

their understanding of hare, fox and lynx behaviour and habitat 

preferences. As well, the trappers were asked where they trapped 

fox and lynx. 



Trappes agree that hare cycles appear to influence both 

the abundance and distribution of fox and lynx. Fox are 

generally found in al1 habitat types and often use corridors to 

their advantage as travel routes through their ranges. Lynx are 

seldom seen and rarely use corridors. Instead, they are usually 

found in mature dense conifer. 

4.5. Conclusion. 

The analysis of the hare data yielded meaningful results, 

namely that distance and habitat both have an effect on the 

location of tracks, with distance showing a greater effect. As 

well, certain distance/habitat combinations contributed the most 

to the track pattern. 

The fox and lynx analysis is more limited, as the sample 

s i z e s  f o r  each species were small. However,  analysing the two 

datasets together yielded mure meaningful results, namely that 

fox and lynx tracks are not found in habitat types or distance 

intervals in proportion to their availability. However, non- 

significant individual chi-square values do not shed much light 

on which habitat types or distance intervals are responsible. A 

larger sample is needed to answer th is  question. 



The following chapter discusses the results, compares 

them to the literature, the mapped hare trails and trappers 

knowledge, and examines some non-scientific conjectures relating 

to them. 



Cha~ter Five, Discussion. 

The previous chapterWs results indicate a clear 

relationship between the location of çnowshoe hare tracks and 

both the distance front corridors and the habitat types in the 

landscape- However, no such firm conclusions, beyond the fact 

that analysis of the pooled predator dataset shows that tracks 

are not distributed according to distance and habitat 

availability, can be drawn for fox and lynx, probably due to the 

small sample size, 

This chapter examines the results of the research in the 

context of the landscape and also in relation to others' work. 

It is important to emphasize again that the sample size for fox 

and lynx is very small, so that any generalizations of fered must 

be treated as conjecture support& by personai obsemtion and 

fitted in the context of other research. 



5.2-1. Hare - Descriptive Analvsis. 

Hare tracks were found significantly less than expected 

in corridor, immature conifer, mature hardwood and mature 

mixedwood habitat, while being found more than expected in mature 

conifer habitat. This indicates the importance of mature conifer 

as cover. However, the corresponding importance of habitat types 

containhg suitable browse is not clearly indicated. Instead, 

hare tracks are found in immature hardwood and immature mixedwood 

habitat in proportion to availability. 

Most of the hare tracks were concentrated 10 - 30 metres 

from the centre of the corridor. This indicates a concentration 

of activity close to, but not in, the corridor. Ramer, the 

tracks are clumped several metres within the forest. If hare 

were indifferent to corridors, one would expect to see more 

tracks within the corridor and deeper within the forest, rather 

than concentrated in a relatively thin band between the two. The 

habitat near the corridor is usually qualitatively different from 

that within the interior of the forest (eg. more hardwoods and 

younger age classes). Yet even in transects where the habitat is 



uniform throughout, hare tracks are concentrated slightly in from 

the corridor- 

This would seem to indicate a possible counteracting 

attraction/repulsion effect of the conidor. The following 

sections examine this possibility, with statistical analysis 

confirming that hare tracks are not located randody with respect 

to either distance from the corridor or habitat type and 

information analysis reveaïing that distance from the corridor is 

more important to determinkg track location than habitat type. 

5.2.2. Hare - Statistical Analvsis , 

For the hare data, likelihood ratio testing rejected the 

null hypothesis of random distribution of hare tracks with 

respect to distance from the centre of the corridors and habitat 

type (G = 613.707, p = 0.000)- Loglinear analysis was also 

performed. Loglinear analysis fits the best model to the 

. contingency table and compares its distribution to a chi-squared 

distribution ( Z a r  1984) . Once the best-fit model was fitted to 

the hare data, the chi-square value becme 388.79 (DF = 7, p = 

0.000) for distance, 15.66 (DF = 5, p = 0.0079) for habitat and 

229.56 (DF = 18, p = 0.000) for the distance/habitat interaction, 

confirming the rejection of the null hypothesis of independence. 



The results of the loglinear analysis also indicate that 

there is indeed a distance effect. The habitat effect is much 

less. The habitat effect is still  significant, but certairily 

mch less so than the distance effect, indicating that habitat 

has far less influence on the distribution of hare tracks than 

does distance from the corridor. There is aLso a significant 

distancehabitat interaction, fn other words, there is a link 

between the type of habitat that exists along the transect and 

the distance from the centre of the corridor in relation to the 

location of tracks, 

The correlation analysis shows that there exists a 

negative relationship between distance and habitat in relation to 

the distribution of hare tracks (Spearman Correlation Coefficient 

= -0-645, p = 0.026). In other words, distance's influence on 

track distribution weakens further from the corridor, while 

habitat's influence increases further from the corridor. This 

indicates that the distance effect produced by the corridor is 

more significant to track distribution than is habitat effect, 

within a certain critical distance of the corridor (ie. 'edge 

effect8). 



5.2.3, Hare - Information Analvsis. 

The results of the information analysis indicate that the 

variable Distance contributes more to the negentropy of the 

dataset than does the variable Habitat (54.1% versus 45.9%). 

[Negentropy refers to the amount of uncertainty removed f r o m  the 

system and is analogous to the mutual information discussed 

earlier in Chapter Three (Phipps 1981a)l. This confirms the 

existence of a distance effect, superior to a habitat effect, 

with respect to the location of tracks. 

However, it should be explained that the initial 

contribution of the variable Habitat to the negentropy of the 

system was greater (0.04) than that of the Distance variable 

(0-03) because at the first division Habitat contributed the most 

negentropy. Over the course of subsequent divisions, the total 

contribution of Distance to the negentropy of the system exceeded 

that of Habitat. In addition, it should be noted that the 

combined effect of distance and habitat resulted in a higher 

contribution to the negentropy (0.04) than did distance alone 

( 0.03 1 , illustrating the importance of the distance/habitat 

interaction. 

The redundancy of the dataset is given as 12% for the 27 

terminal subsets and is considered significant since the 



reduudancy measured at each division is significant. Redundancy 

refers to the proportion of initial entropy which is removed by 

the divisive variable and is given by 

%(A) = I(A,B)/H(A) = IH(A) - E&,(A)IfH(A) ( 5  

where I(A,B) represents the mutual information calculated between 

variables A and B, while H(A) is the initial entropy of the 

system. A relatively low redupdancy of 12% indicates that a 

combination of variables other than distance and habitat 

contributes the bulk of the information contained in the observed 

track patterns. In other words, the locations of hare tracks are 

also influenced greatly by factors 0th- than habitat type and 

distance from corridors, for example, predator avoidance, snow 

depth, social behaviour, etc. 

A closer examination of the characteristics of the 

information analysis' divisional subsets shows that specific 

combinations of variables provide relatively large amounts of 

information to the observed pattern. For example, in the f irst 

division, with habitat type as the divisive variable, it can be 

seen that only habitat types 1 (corridor and edge) and 4 

(immature hardwood) contribute significantly to the reduction in 

entropy of the system (0  -14 and 0 -1 respectively) - The 

dendrogram (Figure 17) illustrates these relationships in 



pictorial form. These two habitats would appear to be generally 

avoided by hare. 

The final division resulted in 27 subsets yielding 

interesting results with respect to the amount of negentropy 

contributed by each combination of variables. Table 2 presents 

significant combinations as weil as their contribution to the 

negentropy of the system. 

It can be seen that the hal/diO combination is 

significant. This is not surprishg since this combination is 

highly correlated. After all, habitat type 1 is the corridor and 

its associated edge vegetation, while di0 (O to 10 metres) 

represents the distance interval which contains the corridor. 

The strong repulsion effect of the corridor is indicated by a iow 

frequency of track observations compared to the total 

observations plus 'non-observations' (31/185). 

The ha3/dil combination is significant and represents the 

mature conifer which exists in some transects adjacent to the 

corridor and its edge vegetation. This provides excellent cover 

close to a good food source (ie. corridor edge). The attraction 

effect of this habitat close to the corridor is indicated by the 

high frequency of tracks compared to the total frequency 

(70/100). 



The combinations haS/dil, - / f i2  and h a S I d i 4  also 

contribute significantly to the negentropy of the system. This 

habitat, mature hardwood, provides l i t t l e  in the way of cover or 

browse. Its undesirability to hare is shown in the low 

proportion of tracks t o  the total for each of the last two 

combinations ha5/di2 and M f d i 4  (5120 and 1/8 respectively). 

Yet, the relatively high occurrence of tracks in the combination 

ha5/dil (17125) indicates a significant distance effect, that is, 

hare tracks are concentrated in this distance interval (IO to 

19.9 metres) regardïess of the habitat. Perhaps the distinctive 

edge vegetation d o n g  the corridor is m o r e  significant for hare 

than is cover. 

The combinations ha7/di2, ha7/di3 and ha7/di4 indicate 

that the presence of mature mixedwood is significant to the 

calculation of negentropy regardless of the distance front the 

corridor. That this habitat is avoided by hare is indicated by 

the l o w  frequencies of track observations compared to the total 

sample frequency (7/31, 4/19 and 1/16 respectively) . 

in entropy at each division is shown in Table 3 .  

Hare tracks are concentrated in certain well-defined 

The change 

habitats over others. Mature conifer is much used, undoubtedïy 

due to the cover offered. Hare are known to feed only at certain 

times of day and remain under cover the rest of the t h e .  



Habitat along corridors offers optimal conditions for hare 

because of the close association between cover and browse 

habitat, Young aspen and dogwood are available for food and 

dense mature balsam fir and spruce for cover. Most hare tracks 

were found in mature conifer, leading one to wonder if most of 

the hare's t h e  is spent within the conifer, where numerous 

deadfall spruce offer secure resting places, 

5.2.4 ,  Hare - Literature Comarison. 

The hare results confirm those of Wolff 11980) who found 

that hare preferred a mix of habitat types that provide cover and 

browse. Specifically, dense black spruce was sought for shelter. 

However, Wolff States that hare also seek dense black spruce 

stands to feed on spruce, willow and alder. The hare in the 

present study did not appear to feed on spruce or alder at all, 

choosing only dogwood and aspen. However, during times of high 

populations, 1 have observed hare feeding on spruce, baisam fir 

and tamarack. 

It would seem that aspen is a preferred food source, 

found in immature mixedwood stands. Yet, hare tracks were found 

in this habitat only i n  expected values, rather than greater than 

expected values. During times of high populations, less 



preferred species such as tamarack and spruce may be browsed. 

Alder swales are found primarily in areas of black spruce, 

corresponding to areas of poor drainage and deep organic soil, 

and would offer cover to hare. However, there was no evidence of 

hare either browsing on alder or using it as cover in the 

Cochrane study area- In fact, on occasions when hare encountered 

alder swales, they circled around their periphery rather than 

travelling through thent- 

MacCracken et al. (1988) confinn the use of spruce, alder 

and willow as browse by hare, although they too found that alder 

did not form a preferred forage species- ffowever, Ferron et al, 

suggest that habitat structure is more important to hare use than 

is vegetation species composition, at least in Sumner, with 

mature conifer stands and stands without immature and shrubby 

hardwoods considered low-utilkation areas. This would make 

sense, given the low occurrence of browse in these habitat types. 

In the present study, the mature conifer stands appeared to be 

prefexred habitat for cover, with hare going elsewhere to feed- 

Ferron et al. also suggested that ecotones were very 

important for hare, with these areas being considered high- 

utilization areas. in the Cochrane study, relatively few tracks 

were found in the interior of habitat patches, particulaly the 

corridor and mature conif er. fnstead, tracks w e r e  concentrated 



on the edges of habitat patches, confirming Ferron et al:s 

conclusions. 

The Cochrane study was undertaken during a t h e  of l o w  

hare population numbers, Therefore, Wolff's hypothesis that hare 

use only optimal habitat during population lows appears to be 

borne out by the results. Optimal habitat in this case combines 

mature dense black spruce w i t h  immature mixedwood stands 

containhg young aspen in close proximity. 

Keith et al .  (1993) also suggest that dense willow, alder 

and regenerating aspen stands provide optimal habitat, but that 

patch size affects survivahility of hare populations io 

fragmented habitat. Juvenile and adult dispersal becomes 

important to recoloaizing these patches. In an area with 

numerous patches of feeding and cover habitat, recolonization 

would occur more easily. The Cochrane study location would 

appear to be such an area, with many different patch sizes and 

types . 

An interesthg aside concerns the feeding behaviour of 

hare. Several studies have noted the chernical defenses of 5oreal 

plants against herbivory (Bryant et al. 1989, Jogia et al. 1989, 

R a n g e n  et al. 1994) . Specif ically, Çwihart et al. (1994) have 

noted that snowshoe hare prefer t w i g s  f r o m  mature aspen to  those 

of young aspen. in the Cochrane study, it was noticed that 



immature aspen was frequently browsed upon but taat mature fallen 

aspen provided an utopia for hare, with the snow aromd the 

deadfall intensely trampled and densely littered w i t h  fecaï 

pellets. 

This research project's results generally support those 

of R i e w e  (1979, 1980). He found that snowshoe hare avoided 

seismic line corridors except during times of high population 

pressure w h e n  they often fed upon the shrub vegetation at the 

edges of the lines. During other times, if hare crossed the 

seismic lines, they did so at right angles- 

In the Cochrane stuc&, it was found that hare rarexy 

crossed the corridor, doing so at right angles. There was more 

sign of them feeding just within the bush at the eüge of the 

corridor. Corridors clearly form a barrier to hare movement, yet 

at the same the, hare appear to be attracted to the distinctive 

edge habitat types accompanying many corridors. 

5 . 2 . 5 .  Hare - Individual Trails. 

The ten individually-mapped hare trails yielded some 

interesting illustrative information (Appendix 2). It cannot be 

considered lscientificl in that the data was not statistically 

analysed. However, a close examination of the trails resulted in 



apparent 'pattexnst , w h i c h  in turn generated a series of possible 

explanations which may be tested at a later date, As these 

explanations are both speculative and behavioural in nature, it 

is not intended that they be interpreted in any other than a 

preliminary, qualitative and possibility-stating manner. Their 

inclusion in this dissertation is meant to allow both the 

researcher and reader the opportunity to explore wide-ranging 

alternative explanations for the observed distribution of hare 

tracks . 

In eight of the ten cases, the hare crossed the corridor 

at right angles. This represents the shortest route between 

forest edges. The diagrams do not show it, but the actual trails 

showed tracks widely spaced in a running pattern- This minimizes 

the t h e  the Animal stays in the open. In two instances (cases 6 

and 9 ) ,  the hare were also running, but crossed the corridor at 

an angle rather than perpendicular to it. 

In al1 cases, the hare paralleled the corridor before 

entering it. Often they remained for a t h e  just inside the 

alder at the edge of the corridor or just inside the forest. 

Sometimes they paralleled the corridor only for a few metres and 

sometimes for many metres, but none iimnediately entered the 

corridor without having paralleled it first. This seems to 



indicate either a repulsion effect of the corridor or an 

attraction effect. Or both, 

The corridor represents an open area lacking cover. 

However, it is possible that something on the other side of the 

corridor attracted the hare enough to justify crossing this open 

expanse, albeit as quickly and as safely as possible. The 

paralleling of the corridor prior to entering it may reflect a 

hesitation on the part of the hare. 

Once on the other side, hare tracks were generally spaced 

closer together, indicating a slows pace. Sorne continued deeper 

into the forest, but many again paralleled the corridor. well 

within the alder or just within the forest- The tracks did not 

parallel the corridor, after crossing it, for as long a distance 

as they did prior to crossing it. This may also indicate an 

attraction effect of the habitat adjacent to the corridor, 

perhaps because of its combination of cover and browse, while the 

corridor itself represents a repulsion effect due to its openness 

and lack of cover. 

In some cases, particularly case 8, the hare trail seemed 

to indicate a clear target destination- The trail paralleled the 

corridor for a relatively short distance before crossing it at 

right angles and proceeding directly to a blowndown mature aspen. 

Numerous trails intersected at t h i s  point, with the snow around 



and beneath the amen being trampleci and densely littered with 

fecal pe l le ts .  The failen aspen was clearly an important food 

source for the hare. [The onïy hare that I had seen during the 

course of data collection was located at t à i s  site, browsing on 

aspen buds . 1 The hare (whether it was the one I had seen or not) 

may have had a prior knowledge of this tree and went directly to 

it by the shortest route, even crossing the corridor. This 

raises the question of whether hare remember the features of the 

landscape in which they live and can navigate confidently about 

their range based at least partially on remembered features. 

Similarly. case 10 shows a trail in w h i c h  the hare 

paralleled the corridor for several metres before crossing it at 

a right angle and proceeding to a deadfall spruce. Since the 

spruce was not a food source, it can be presumed that the hare 

used it for cover. Because of the density of tracks, it is again 

possible that the hare also had a previous knowledge of this spot 

and travelled directly to  it based on that knowledge. 

The corridor se- to possess both an attraction and a 

repulsion effect  for hare. The open corridor itself is clearly 

repulsive to hare, judging by their track trails. They cross it 

as quickly as possible and do not remain in it for any length of 

time. On the 0th- hand, their trails semain near it, perhaps 

because of the distinctive edge habitat associated with the 



corridor, which often provides both browse and cover. It is also 

possible that the hesitation noted earlier, as hare parallel the 

corridor prior to and following crossing it, may result in the 

observed increased track density with browse and cover habitat 

having little to do with it. 

The individual hare trails recorded underscore the trends 

uncovered by the statistical and information analysis of this 

project's data- Tracks were concentrated slightly inside the 

forestrs edge, where forage was easily available. Hare tracks 

were rare within the corridor but tended to cluster in greatly 

increased numbers along its edges, just within cover. If they 

crossed the corridor, it was usually at right angles, with the 

trail often having paralleled the corridor for some distance 

before finally crossing it. Hare trails were not noted crossing 

the wide expanse of the hydroline corridor at all. 

5.2.6. Hare - Conclusion. 

The hare results indicate a clear distance effect of the 

corridor on the track distribution. The 'edge effect' distance 

for hare appears to be about 30 metres from the corridor. A 

habitat effect, less clear but significant, is also present. The 

interaction between distance and habitat is also very important. 



Hare tracks are concentrated in mature conifer habitat (in 

greater than expected numbers), but closer to the corridor rather 

than farther from it. Hare tracks w e r e  also widely found in the 

immature mUcedwood habitat (in expected numbers) abutting the 

corridors, leading one to surmise that hare remain in the cover 

offered by mature conifer but also utilize the browse offered by 

immature mixedwood closer to the corridor- An interpetive 

examination of the individuaï trails offers support to these 

conclusions. 

5.3. Fox and Lynx .  

Because of the small sample size, the statistical 

analysis of the fox and lynx data (both by individual species and 

by pooled 'predator' dataset) can only be discussed in light of 

suggesting possible relationships which need to be tested later 

with a larger sample. Comparisons with the literature are also 

discussed. 

5.3-1. Fox and LMX - Descri~tive Analvsis. 

Goodness-of-fit testing indicated that the hypothesis 

that fox tracks w e r e  found in both distance intervals and habitat 



types in proportion to their availability was not rejected at the 

p c 0.05 level (distance: chi-square = 7 . 5 ,  p > 0 - 0 5 ;  habitat: 

chi-square = 6.25 ,  p > 0.05 (25% expected freqencies c 5) ) . 

However, at the p c 0-1 kvel, it was found that fox tracks were 

not found in habitat types in proportion to their availability 

(chi-square = 6.25, df = 3 ) , Hardwood habitat contained fox 

tracks in less than expected numbers (chi-square = 3 - 00 1 . 

The hypothesis that lynx use both distance intervals and 

habitat types in proportion to their availability was not 

rejected (distance: chi-square = 3-8, p > 0.05; habitat: chi- 

square = 1 . 8 ,  p > 0 - US (25% expected frequeccies -= 51 1 . 

The non-significance of the goodness-of-fit testing for 

fox and lynx: separately may be due to the small sample sizes. 

When the datasets were combined into a 'predator' dataset, 

goodness-of-fit testing indicated that distance intervals and 

habitat types do not contain track numbers in proportion to their 

availability (distance: chi-square = 10.09, p c 0.05; habitat: 

chi-square = 11.31, p < 0.05). However, no individual variable 

class showed significant chi-square values at the p < 0.05 level, 

leading one to believe that a larger sanple size may show 

significant variable class use. At the p < 0.1 level, analysis 

showed that the combined fox and lynx tracks were found in mature 

conifer habitat more than expected. As well, the predator tracks 



w e r e  found 40-50 m e t r e s  from the centre of the corridor in less 

than expected values. 

5.3.2, Fox - StatisticaI Analvsis, 

For fox, likelihood-ratio testing yielded a G value of 

36.993, p = 0 . 0 0 0 ,  indicating a rejection of the nul1 hypothesis 

of independence of variables. This also demonstrates that the 

track distribution is not random; tracks are clumped. Therefore, 

fox track distribution may be influenced by an interaction 

between distance and h i t a t .  

Yet, a loglinear analysis yielded a chi-square value of 6 

(DF = 5 ,  p = 0.3068) for distance, 3 (DF = 2, p = 0,2067) for 

habitat and 0.14 (DF = 1, p = 0,7074) for the distance/habitat 

interaction. Such values are not deemed significant. 

As well, correlation analysis did not reject the 

hypothesis of no correlation between habitat and distance 

(Spearman Correlation Coefficient = -0 .082 ,  p = 0.244) .  

The inconsistencies of results from the three tests  are 

probabïy due t o  the small sample size which diminishes the power 

of the tests to detect statistically significant differences. 



For lynx, rejection of the nuil hypothesis of 

independence of variables is indicated by a likelihood-ratio G 

value of 47,639, p = 0 , 0 0 0 -  

Yet, as for the fox data, the loglinear analysis provided 

non-significant chi-square values of 7.51 (DF = 6 ,  p = 0.2764) 

for distance and 1.71 (DF = 4 ,  p = 0 , 7 8 8 0 )  for habitat and no 

values for the distance/habitat interaction. 

As weil, the correlation analysis did not reject the nul1 

hypothesis of no correlation between distance and habitat 

(Spearman Correlation Coefficient = 0.175, p = 0 -281) . 
As with the fox data, the inconsistencies reflect a 

sample size which may be too small for these tests to detect 

significant ciifferences. A larger sample size is indicated for 

each species . 

5.3 - 4 .  Fox and L m  - Pooled Analvsis . 

Analyzing the 

analysis and off ers a 

further assertions. 

pooled fox  and lynx data strengthens the 

more secure foundation upan which to base 



Likelihood-ratio testing on the pooled dataset yielded a 

G value of 14.402, p = 0-002, indicating that the variables are 

not independent of each other and the track distribution is 

clumped. The Spearman correlation value was -0.080, p = 0.133, 

indicating that the hypothesis of non-correlation of variables 

was not rejected. The loglinear analysis on the pooled data gave 

non-signicant values as well [distance: chi-square = 0-10, p = 

0.7515; habitat: chi-square = 7.80, p = 0.0503)- 

However, the lower (yet still non-significant) 

probabilities for the correlation and loglinear analysis indicate 

that a larqer sample may capture more of the variation in the 

populations' track distributions and thus yield significant 

results . 

5.3.5. Fox - Literature Comarison. 

~istribution of the fox and lynx track data does allow 

for some preliminary interpretations and comparisons with the 

literature. Fox tracks were found primarily in mature conifer 

and immature mixedwood habitats, echoing the primary locations of 

hare tracks. No fox tracks were found in immature or mature 

hardwood or mature mixedwood habitats, also echoing the fact that 

few hare tracks were found in these habitat types. 



The distribution of fox tracks confinns Thompson et al.'s 

(1989) report that  fox prefer successional boreal mixedwood 

stands of 10 - 30 years old. 0th- studies (eg. Etiewe 1979, 

19801 also show fox as ereatures of edge and ecotone habitat. 

The distribution of fox tracks by distance interval 

appears to be slightly different frorn snowshoe hare, although 

goodness-of-fit testing does not capture this, probably due to 

the mal1 fox sample size, Where the greatest frequency of hare 

tracks were found 10-20 metres from the centre of the corridor 

and decreased evenly thereafter, the frequency of fox tracks 

increased fairly evenly across distance inter~als until peakkg 

30-40 metres from the centre of the corridors, giving an 'edge 

effect' distance of about 40 metres from the corridor. 

Foxes are not as dependent upon hare as lynx are (Elton 

and Nicholson 1942, Brand and Keith 1979, White and Ralls 1993); 

therefore, this distribution may reflect other factors not 

considered in the study, such as distribution of alternate prey 

species, or the location of dens. As well, the mal1 sample size 

could be indicating a biased distribution which would not be 

borne out with a Iarger sampie size. 

Fox tracks were also found in the corridors, often 

following snowmobile or snowshoe trails. Fox appear to use 

corridors as travel routes. One fox trail was observed for 



twelve kilometres dong an abandoned &ter trail. Casual 

observation of foxes trotting along the sides of grave1 roads 

shows that their pace of travel neitiïer increases nor slackens; 

they occasionally glance at vehicles sharing the road but do not 

flee them. 

Indeed, foxes appear to be one of the species that may 

actually benefit from the existence of corridors- Corridors may 

offer a convenient way for thern to travel- Foxes have even been 

observed denning in holes dug in the sides of ditches along 

roads, even well-travelled secondary highways. Riewe (1979, 

1980) found that fox appeared indifferent to corridors as well. 

In his stuàies, they sometimes followed s e i d c  Iine corridors 

for a certain distance, and sometimes they just crossed them. 

But they certainly did not avoid thern, 

Foxes may also prefer the habitat nea .  corridors because 

of the concentration of hares geaerally found in the successional 

habitat along abandoned roads, trails and ditches. It is fairly 

well-known among northerners that few species are found in large 

pure stands of mature conifer in winter. Such stands may provide 

cover but if there is no food source nearby, they will not be 

heavily utilized- Thus, edge habitat contiguous to mature 

conifer seems to be important for species such as snowshoe hare, 

fox and lynx. 



Most lynx tracks were found in mature conif er habitat, 

w i t h  smaller, even distributions of t racks among the 0th- 

habi ta t  types, w i t h  the exception of immature conifer where no 

tracks were found. This distr ibut ion does not bear out  Thompson 

et al:s (1989) conclusion that lynx avoid mature conifer 

habitat, tending instead to be found in stands of mixedwood 

successional habitat of about 20 years old, Parker et al. (1983 

h Thonrps~n et a1 - 1989 1 confirm Thompson et al, ' s f indings. 

On the other hand, Murray et al. (1994) found that lynx 

i n  their study preferred open spruce habitat and used very closed 

spruce stands as w e l l ,  and tended t o  avoid open habitat and shrub 

habitat .  The lynx data confirmç their conclusion. However, i n  

the Cochrane area, lynx +re also often found i n  successional 

mixedwood and conifer habitat  of about 40 to 80 years old. 

Because lynx prey primarily upon snowshoe hare, it was 

expected that similar proportions of trackç would be located in 

correspondhg habi ta t  types. However, although the t racks of 

both species w e r e  found most often in  mature conifer, hare tracks 

were found primarily in only  two habitat types (mature conifer 



and immature mixedwood) and were found in very low percentages in 

al1 other habitat types. 

On the other hand, lynx tracks were concentrated in 

mature conifer but were also found e v d y  distributed at a much 

lower percentage in al1 but one of the 0th- habitat types. This 

may reflect the theory that carnivorous species, such as fox and 

lynx, are less selective in theix habitat choice than are 

herbivores, such as hare. Again, a larger sample would be 

necessary to separate preference from prevaïence. 

The difference among distance intervals was much more 

striking. Although hare tracks were found in highest numbers 10- 

20 metres £rom the centre of the corridor and decreased evenly in 

frequency from 20-50 metres, lynx trackç were found in greatest 

numbers 20-30 metres from the centre of the transect. This may 

indicate a stronger corridor effect on lynx than hare, ie. the 

corridor has a stronger repulsion effect on lynx. Lynx may 

remain in dense mature conifer cover most of the t h e  and hunt 

closer to the corridor w h e r e  hare are most concentrated. The 

'edge effect' distance for lynx appears to be about 40 to 50 

rnetres from the corridor. Wolves are known to prey upon lynx; 

this may influence where lynx tracks are located as well. 

Very few lynx tracks were found on the corridor. None 

crossed the corridor. ïnstead, the lynx tracks found on the 



corridor occurred in the very middle and followed the corridor 

for a considerable distance, up to one kilornetre. If there were 

snowmobile or snowshoe tracks on the corridor, the lynx tracks 

followed these, possibly because snowmobile or snowshoe tracks 

compacted the snow, resulting in easier footing. 

The following anectodal evidence is provided to aid in 

interpreting the lynx data. 1 have seen four lynx in my 

lifetime. One was on a gravel-surfaced logging road near 

Marathon, Ontario. I was able to get within six feet of a large 

lynx. üüe remained facing each other quietly for several minutes 

before f finally decided that it was foolhardy to be su close to 

a wild animal for no good reason. During that time, the lynx sat 

calmly on its haunches, with its ears forward, just watching me 

and sniffing the air. My impression was that the lynx was 

unafraid, even a bit curious. ït remained s i t t ing  and watching 

me even after 1 left to return to  my truck. Finally, it stooe 

and slowly walked to the edge of the bush where it turned and 

watched me once again. 

The next lynx 1 observed were near Cochrane. Two lynx 

were travelling one after the other through a 20 year old poplar 

stand about ten metres into the bush. One of them was carrying a 

snowshoe hare. This serves to support the hypothesis that lynx 

sometimes hunt together. The lynx were aware of our presence, 



but did not even break the* stride, They just took a quick 

glance at us and continued trotting on their way- 

The most recent lynx r saw was huddled on the snowbank at 

the side of highway Il near Kirkïand Lake, Ontario. It appeared 

to want to cross the highway but was apparently cautious of the 

vehicular traffic. 1 did not stop, so 1 do not know how long it 

waited or if it were successful in crossing the highway. 

These anecdotes serve to indicate that lynx appear to be 

aware of the existence of corridors, They make use of them as 

travel corridors or cross them to access other areas of their 

range. Corridors seem to have an effect on lynx movement through 

the landscape, On the one hand, the data and the literature 

would appear to indicate that lynx avoid corridors for the most 

part, remaining in mature conifer. 

Yet on the other hand, lynx evidently use corridors as 

travel routes and do not react in an apparently fearful manner 

when confxonted by humaos. The specific effects of corridors on 

lynx are both unclear and paradoxical. The small sample size in 

this study is not capable of providing enough information to get 

a better picture of the relationship of lynx to corridors. The 

anectodal evidence presented underlines this lack. 



5 - 4  - T r a m e r  Information - 

Trappers have long understood the behavioural patterns 

and habitat needs of wildlife species. However, their 

experiential knowledge has often been overlooked. The results of 

this project tend to confirm the knowledge and experience of 

local Cochrane trappers. 

Hare are found primarily in landscapes combining irmnature 

aspen with mature conifer cover. Edge areas w i t h  their 

distinctive alder, dogwood and Uamature aspen vegetation complex 

are prime foraging habitat but must be situated close to mature 

conifer cover- Hare do not like to be in the open and thus avoid 

corridors. When they do cross them, they travel quickly as 

indicated by widely-spaced tracks. They also tend to cross at 

right angles. 

Fox curiosity and relative lack of fear are their own 

worst enemy, making them fairly easy to trap along corridors and 

trails- However, fox are quick to learn and once trap-bit, they 

becoxne quite cautious except when low prey supply leads to hunger 

overcoming good sense. Fox movement through the landscape 

appears to be largely independent of landscape pattern although 

they oftm use corridors in travelling about their ranges. 



Lynx are more difficult to trap than hare or fox and are 

to be found where there is dense mature conifer. They are 

generally not found at corridor or forest edges; instead, they 

tend to stay slightly ins ide mature conifer cover, venturing out 

to obtain food or to travel to 0th- areas. 

None of the species is usually found deep in dense 

conifer forest (eg. more than 100 metres from any edge). 

5.5. Conclusion, 

For the pqoses of this research, transect length was 

adequate for al1 species, but particularly so for foxes. 

Transects were long enough to catch the sudden &op in frequency 

after forty metres from the centre of the corridors for foxes. 

For lynx, the drop is there, but may be more an artifact of the 

small sarnple size. For hare, there is a general decrease rather 

than a sharp drop, but fifty metres is plenty of length to catch 

this trend. 

In any case, it does serve to indicate an edge effect of 

the corridor for each species. For fox, it appears to be up to 

forty metres from the centre of the corridors. For hare, the 

effect decreases fairly evenly from t w e n t y  to thirty metres from 

the centre of the corridor, For lynx, the edge effect is less 



pronounced after tnirty metres and certainly after forty metres 

from the centre of the corridors. Slightly longer transects (eg. 

75 to 100 metres) would perhaps better show the edge effect 

distance. 

As well it is important that al1 transects be the same 

length. The reason that the hydroline transects w e r e  ieitially 

longer iç because the corridor itself is much wider than the 

other corridors. Therefore, the transect was lengthened to 

adjust for thîs increased width. Al1 other corridors were 

roughly the same width. It w o u l d  be better, perhaps, to perform 

a separate analysis on the hydroline transects, if the sample 

size were larger, in order t o  eliminate the difference in results 

due to differing corridor w i d t h s .  

Similarly, the bush control transect should be studied 

independently and a larger sample taken. This problem would have 

been eliminated as well if transects began at the edge of the 

bush instead of in the middle of the corridor. Unfortunately, 

then there would be no way of recording the relative lack of 

tracks on the corridor i tself .  

However, when observations from the hydroline and bush 

transects and those that exceeded the 49-9-metre mark were 

removed from the dataset, it was found that the c w e s  of the 

distance and habitat graphs remained consistent although the 



frequencies aïtered slightly. Test M u e s  changed slightly but 

w e r e  still significant- For this analysis, then, the difference 

between datasets that include the hydroline transects and those 

that do not is not enough to alter the significance of the 

results . 

The findings of this research project generally support 

those of other authors, with the exception of alder as a 

favourable browse species. Hare track distribution se- to be 

primarily determined by the distance from the corridor, with the 

interaction of distance and habitat as a secondary influence. 

The influence of habitat, per se. is much lower. 

The following chapter concludes the dissertation with a 

summary of the research project, a discussion of its implications 

and some management recommendations and ideas for further 

research. 



Cha~ter Six. Conclusion, 

The purpose of this research project was to investigate 

the relation between the w i n t e r  track patterns of snowshoe hare, 

lynx and fox and the landscape pattern of an anthropogenically- 

disturbed area consisting of open corridors within the forested 

matrix of northeastern Ontario, The study area was typified by a 

gatchy matrix of successional forest overlain with linear 

corridors, ie, hydroline, abandoned highway and old ditch. A 

control area of successional forest and original conifer forest 

was also included in the study area. 

Questions asked were related to how the locations of 

hare, fox and lynx tracks w e r e  influenced by distance from 

corridors and habitat type. What are the effects of corridors on 

hare, fox and lynx track distributions? 1s there a distance 

effect? A habitat effect? Or an interaction of distance and 

habitat? 1s one secondazy to the other? How strong are these 

effects, if present? Can an 'edge effect* distance be determined 

for each species? How do the distributions of hare, lynx and fox 

tracks relate to each other? The answers to these questions have 



rele~nce to landscape management and resource management 

p l d g  as well as for recreational users and trappers. 

The questions were posed as the following hypotheses: 

Snowshoe hare tracks are distributed randomly with 
respect to discrete habitat types located along 
transects . 

Snowshoe hare tracks are distributed randontiy with 
respect to distance along transects. 

mere is no difference in the distance and habitat 
effects on hare tracks- 

There is no correlation between distance frorn the 
corridor and habitat type along transects in relation to 
hare tracks, 

Al1 distance/habitat combinations contribute equally ta 
the observed hare track pattern- 

R e d  fox tracks are distributed randomiy with respect to 
discrete habitat types located along transects. 

R e d  fox tracks are distributed randomîy with respect to 
distance along transects. 

There is no difference in the distance and habitat 
effects on fox tracks- 

There is no correlation between distance from the 
conidor and habitat type along transects in relation to 
fox tracks . 
AL1 distance/habitat combinations contribute equally to 
the observed fox track pattern. 

The distribution of fox tracks with respect to distance 
from corridor echoes that of hare. 

The distribution of fox tracks with respect to habitat 
m e  echoes that of hare. 



Lynx tacks are distributed randomly with respect to 
discrete habitat types located dong transects. 

Lynx tracks are distributed randoruiy with respect to 
distance along transects. 

There is no difference in the distance and habitat 
effects on lynx tracks. 

There is no correlation between distance from the 
corridor and habitat type along transects in 
lynx tracks. 

Al1 distance/habitat combinations contribute 
the observed lynx track pattern. 

The distribution of lynx tracks with respect 
from corridor echoes that of hare. 

The distribution of lynx tracks with respect 
type echoes that of hare. 

The distribution of lynx tracks with respect 
echoes that of fox. 

The distribution of lynx tracks with respect 
echoes that of fox. 

relation to 

equally to 

to distance 

to habitat 

to distance 

to habitat 

The literature relating to hare, fox and lynx habitat 

requirements is fairly extensive, but sometimes contradictory. 

Habitat use in one part of the world often differs frorn the same 

speciesl habitat use 

firstly, the results 

somewhere else. This reinforces 

of any study are limited only to 

t w o  ideas: 

that study 

area during that the period, and secondly, that animals are 

influenced by evolutionary processes as well, ie. they leam to 

aàapt to what is available. 



The literature relating specifically to hare, fox and 

lynx use of corridors is scanty and limited primarily to roads 

and hydrolines. The road information is generally backed up by 

scientific study; however, the hydroline information is largely 

conjecture and expert opinion. This study aimed to help fil1 

this gap in the scientific literature. 

The investigation was accomplished by using established 

snow track survey methods along permanently marked transects. 

Data was analyzed through goodness-of-fit and likelihood-ratio 

testing. Fitting the data to a loglinear mode1 resulted in 

clearer results. These results were confirmed and refined 

through an information analysis using the PEGASE procedure. 

Illustrative information was derived from the researcher's 

experience , trapper information and the interpretation of 

individual hare trail maps. 

Some problems associated with the winter track survey 

were noticed. Poor snow conditions (tao soft/fluffy or too 

granula.r/icy) at the beginning and end of the winter meant poor 

snowshoeing (and several twisted ankies and knees!) as well as 

poor track retention. It seems best to confine a winter track 

survey in this area to January, February and March. This is 

contrary to Thompson et al.'s (1989) advice to do winter track 

surveys prior to mid-December in order to avoid complications due 



to overwinter mortality. As well, transects should be longer 

than 50 metres in order ta clearly identify the edge effect of 

corridors on track distributions. 

There were some cases of hare, fox and lynx following the 

snowshoe trails. This was occasional and, because the transects 

did not necessarily coincide with the snowshoe trails, should not 

have biased the results very much- The only way to mitigate this 

problem is to snowshoe transects only once. The removal of 

flagging tape from research sites is a perennial problem. A 

solution is to mark transects with paint. 

The results of this project were interesting and a little 

surprising, Most hare tracks were found between 10 and 30 metres 

from the centre of the corridors. This shows that hare are 

moving slightly inside the forest, rather than at the edge 

itself . In fact, very f ew hare tracks were f ound in the corridor 

and along its immediate edge. The 'edge effect' distance for 

hare is within 30 metres from corridors. 

Most hare tracks were found in mature conifer, whicb 

provides cover, The next largest group of tracks was found in 

immature mixedwood, providing browse and a small measure of 

cover. Mature hardwood, proviaing little browse and no cover, 

contained the least nuniber of tracks- Goodness-of-fit testing 

showed hare use corridor, immature conifer, mature hardwood and 



mature mixedwood less often than expected, while using mature 

conifer more of ten than expected- 

Statistical analysis confirmed that snowshoe hare tracks 

are not distributed randomly with respect to either distance from 

the corridor or habitat me, thus rejecting the null hypotheses 

# 1 and # 2. Loglinear analysis indicated a significant distance 

effect, superior to a habitat effect, w i t h  a strong 

distance/habitat interaction ef f ect as well, thus rejecting the 

null hypothesis # 3 .  Correlation analysis uncovered a negative 

correlation between distance and habitat, thus rejecting the null 

hypothesis # 4. 

The information anaïysis noted that the variable Distance 

Interval (ie. from the centre of the corridor) provided more 

information to the observed pattern than did the variable Habitat 

Type, confirming the results of the statistical analysis. This 

seems to indicate that the distance from the corridor, or edge 

effect, has a greater influence on the track patterns of hare 

than do the habitat types available in the area. 

A significant distance/habitat interaction was noted, as 

indicated in several specific habitat/distance combinations, thus 

rejecting nul1 hypothesis # 5 ,  It is not clear from this 

research whether this result would change in areas lacking in 

suitable habitat or when the population is under stress. The 



information anaïyçis revealed that certain combinations of 

distance and habi ta t  contributed most t o  the observed track 

pattern. 

The conclusions resulting from the study are t ha t  

snowshoe hare avoid corridors, but that  the edge habitat 

bordering the corridor provides hare w i t h  optimal feeding and 

cover habitat,  if dense mature conifer is also present nearby. 

H a r e  appear t o  prefer remaining i n  mature conifer, venturing out 

to feeàing areas occasionally. Cover se- t o  be more important 

to hare than browse, with proximity t o  cover greatly influencing 

their track gatterns- Similar distributions among corridor types 

indicate a similar response to corridors regardless of their 

width . 
These r e su l t s  largely confirm the literature, except that  

alder is not seen as a desired forage species by hare- The use 

and avoidance of cer ta in  types o r  ages of browse species w e r e  

confirmed, w i t h  the previously-noted exception of alder. In 

particular,  fa l len mature aspen provided the best browse f o r  

hare. The tendency fo r  hare to  stay s l igb t ly  in from the edge 

was a de ta i l  not noted by 0th- studies. 

Goodness-of-fit testing was not able t o  re ject  nul1 

hypothesis 1 6 (except at the p < 0 . 1  l eve l ) ,  that fox track 

distribution is random with respect t o  habitat  types. Most fox 



tracks w e r e  found in mature conifer and immature mixedwdod 

habitat, although goodness-of-fit testing did not reveal 

significant class use at the p c 0 .OS level. At the p < O -1 

level, analysis showed that fox tracks were found in hardwood 

habitat in less than expected numbers. 

Fox tracks were concentrated 10 to 40 metres from the 

centre of the corridors, slightly further away from the corridor 

than were the bulk of hare tracks, giving an effective 'edge 

effect' distance of 40 metres from corridors. Again, however, 

goodness-of-fit testing could not reject null hypothesis # 7, 

that fox track distribution is ratldom with respect to distance 

from the centre of the corridor- 

Loglinear anafysis revealed that one cannot reject nul1 

hypothesis # 8, that there is no difference in the distance and 

habitat effects on fox track distribution. Similarly, the 

results of the correlation analysis do not allow the rejection of 

nul1 hypothesis # 9, that there is no correlation between 

variables , As well, the small sample size precluded testing for 

significance of individual distance/habitat combinations, so that 

null hypothesis # 10 could not be tested, 

Lynx were creatures of mature conifer with their tracks 

to be found mainly 20 to 40 metres from the centre of the 

corridors, with an 'edge effect' distance of about 40 to 50 



metres from the corridor- Goddness-of-fit testing was not able 

to reject null hypotheses 13 and 14, that track distributions are 

random with respect to distance and habitat. Lynx track patterns 

mimicked those of their prey, hare, as did fox, thus not 

rejecting nul1 hypotheses # 11, 12, 18 and 19. As well, lynx and 

fox track distributions echoed each other w i t h  respect to both 

distance and habitat, thus 

21. 

Loglinear analysis 

not rejecting nul1 hypotheses # 20 and 

could not reject nul1 hypothesis # 15, 

that there is no difference in distance and habitat effects on 

lynx track distribution. No correlation was demonstrated between 

the two variables, thus nuil hypothesis # 16 could not be 

rejected- Again, the mail sample s i z e  did not allow testing of 

nul1 hypothesis # 17, that al1 distance/habitat combinations 

contribute equally to the observed track pattern, 

However, when the fox and lynx datasets w e r e  combined, 

goodness-of-fit testing was able to reject the null hypotheses of 

random distribution with regard to distance and habitat, although 

no individual variable classes showed significance at the p < 

0.05 level. At the p < 0-1 level, analysis showed that the 

combined fox and lynx tracks were found in mature conifer in 

greater than expected numbers. As well, predator tracks w e r e  

found in the distance interval 40-50 metres from the centre of 



the corridor in less thaa expected nimibers. ft se- reasonable 

to conclude that a larger sample of both species would yield more 

meaningful results. 

For fox, corridors appear to be incidental features of 

the landscape, useful w h e n  travelling but otherwise worth 

ignoring. in this study, f o x  clearly are not discomfited by 

corridors. Indeed, they take advantage of their availability as 

travel routes. Fox certainly do not avoid corridors. This is 

the opposite result to Storm's (1976) study in w h i c h  fox avoided 

corridors. This leads one to wonder whether the corridor itself 

is the attraction/repulsion or whether other landscape elements 

(eg. houses, traffic or adjacent forest type) have a determinkg 

effect on fox movement, 

Lynx appear to use corridors very occasionally for 

travelling but othemise remain in mature conifer habitat. This 

study confirms their use of habitat as stated in the literature. 

And yet, even after this research was completed and the data 

analysed, the researcher is left with a feeling of mystery 

regardhg lynx and their movement. Perhaps because the sample 

size was so swll, the results are subject to much intkmretive 

question. A larger sample over  a broader area would be necessary 

to sort out relationships more clearly. 



Although th is  study upholds trappers ' belief s, it 

challenges some notions held by the general public. Many people 

believe that human alteration of the landscape is inherently bad 

for wildlife, ie. it results in lower population numbers and a 

greater stress on individuals- This research se- to indicate 

that for the three species concerned, the opposite is likely. 

Human-made corridors appear to provide additional habitat for 

hare, perhaps resulting in an increase in population size, thus 

benefiting fox and lynx. Corridors also provide travel routes 

wfüch are m u c h  utilized by fox and, to a lesser extent, lynx, 

Of course, the same apparent benefits enjoyed by these 

species may be seen as constraints to other, interior species, 

such as cougar and mature reproducing marten. This just provides 

another lesson in the importance of a landscape ecological 

approach to the study of nature. Single species management may 

have its benefits, but it m u s t  always be placed within the 

context of the landscape. Managing for fox and harc may mean 

creating corridors and edge habitat, but if marten also exist in 

the area then their need for large tracts of interior habitat 

must be considered as well. 

The challenge is to create a landscape mosaic which meets 

the needs of as many species as is practicable within the 

constraints of space and availability, given an understanding of 



species8 needs, environmental factors and the natural history of 

the landscape- Management goals and objectives, from an economic 

and social perspective, also influence landscape management. 

For example, the area surrounding Cochrane is under 

intensive forest management. Some areas are into a second and 

even third rotation. Forest management plans from 1987 to 1994 

generally followed the T.Jlrrr  mmt QUiUmlSnmm for  the 

P n n i m i o n  o f  #bOmœ Habitat (OMNR 1988) . The guidelines advocated 

relatively small clearcuts (generally less than 260 ha), 

resulting in numerous small patches consisting of much edge. 

Indeed, a requir-t of the plans was to maximize edge to area 

ratios- The prevailing wisdom was that managîng for moose also 

covered the habitat requirements for about 70% of boreal species- 

This resulted in a patchwork landscape through much of the 

Cochrane area, though not much of an increase in moose (a species 

not historically native to the Cochrane area), 

Beginning with the 1995 Timber Management Plans, planners 

were required to implement 'biodiversity conservation8 measures. 

There were several options available to achieving this, but most 

involved both larger clearcuts and larger leave areas, including 

w i d e r  reserves around waterbodies and other features of local 

importance. The theory was that interior species such as cougar 

and marten would benefit in the future from larger leave areas 



and would benefit in the present from more spatially-concentrated 

loggiag . 

This research seems to indicate that a combination of the 

two above approaches, ie. the 'moose guideline approach' and the 

' biodiversity approach ' , would be both practicable and desirable 

in the Cochrane area and perhps elsewhere in the boreal forest - 
Forest management planners should establish zones of 

'protection1. Areas which are closer to toms and recreational 

areas, and thus not as likely to host as many interior species, 

should be managed 'intensivelyB, ie. smaller cutblocks, smaller 

leave blocks, less silviculture, This would benefit moose (lower 

hunting mortality, more browse as well as leave blocks for 

cover). It would also benefit grouse, hare, fox and lynx and the 

trappers who depend upon thern- in addition, it would alleviate 

some of the concern of people who frown upon large clearcuts. 

More remote areas should be managed 'extensively', ie. 

larger cutblocks, larger leave blocks, more intensive 

silviculture. This would benefit interior species as it results 

in less fragmentation and enough interior habitat to maintain 

populations indefinitely if even proportions of age classes are 

left. It would also benefit the local logging industry as it 

concentrates their operations, resulting in less t h e  and money 



çpent on road building and maintenance as well as silviculture 

and log and equipment transportation. 

Sensitive areas, such as conservation lands and protected 

habitat features (eg. bald eagle nests) could easily be subsumed 

within either an intensive or extensive approach. 

in both approaches, care should be taken to maintain or 

enhance dsting networks of riparian buffers as well as forested 

linkages to mature forest blocks. This favours dispersal 

throughout the landscape for both forest and edge species. Of 

course, these networks wouid deteriorate in  t h e  and alternate 

netmrks w o u l d  need to be examined at the end of each planning 

cycle ( 2 0  years ) .  

By using such an approach, a landscape is designed which 

attentpts in  a considered and critical m a n n e  to meet the needs of 

the wildlife and plant species which inhnhit it as well as the 

people who use, live and work in it. Even the place of industry 

is well-considered. 

This was a worthwhile project for me. Data collection 

was a pleasure. 1 learned much about statistics, statistical 

software, database design, database software and research design. 

The results confirmed some previously-held notions while 

rejecting others. Yet each answer only served to open the door 

to more questions. Why do lynx track patterns not overlap more 



with hare patterns, their main prey species? What is it about 

corridors that apparently repulse lynx? Why is there a peak of 

fox trackç at 30 to 40 metres f r o m  the centre of corridors, when 

there are so few hare there? Corridors in and of themçelves do 

not seem to bother fox.  

These questions seem worth pursuing, to me. Future 

research projects will hopefully help to clear up some of the 

mystery. 

"... there are more things in heaven and earth, than are dreamt of 

in your philosophy . " (Shakespeare, Hamlet) 



!!! memoire pu  pval= 4668 x 1 bytes!!! 
! !! memoire str s0lut;c nig/lO 140 bytes !!! 
n**+*****- 

Step # 1 Sub-set # 1 of 1 Sub-set-icW1000 
No sites: 1540. Entropy 0.69 
non act 
n o  n o  

2 Distance 
i CodClas Tot HO non act 
O O di0 197 052 154 43 
1 1 di1 374 0.68 154 220 
2 2 di2 354 0.68 1% 200 
3 3 di3 319 0.69 154 165 
4 4 di4 296 0.69 154 142 
MutinFi=û.O28 Kulbs 84.9 S.Ratigs 8.95 Rdinf.=0.017 -* 

3 Habitai 
i Cod Clas Tot H(i) non act 
O 1 ha1 203 O55 154 49 
1 2 ha2 93 0.68 39 54 
2 3 ha3 821 0.68 339 482 
3 4 ha4 54 059 15 39 
4 5 ha5 61 0.67 37 24 
5 6 ha6 219 0.68 124 95 
6 7 ha7 89 0.61 62 27 
Mutinf.=O.038 Kuib.=I 163 S.Raîio= 9.24 ReLinfA.026 -* 

The divisive variable is # 3 Habitat 
i Cod Clas Tot HO non act 
O 1 ha1 203 055 154 49 

0-76 024 
0.52452 



2Distance 
i Cod Clas Tot H(i) non act 
O O di0 185 0.45 154 31 
1 I di1 17 0.00 O 17 
2 2 d i 2  10.00 O 1 
Mutinf.=0.141 Kulb.= 57.1 S W o =  954 Rel.iaf.=O.442 ChiZ- 

3 Habitat 
i Cod Clas Tot H(i) non act 
O 1 ha1 203 055 154 49 
1 2 ha2 93 0.68 O O 
2 3 ha3 821 0.68 O O 
3 4 ha4 54 059 O O 
4 5 ha5 61 0.67 O O 
5 6 ha6 219 0.68 O O 
6 7 ha7 89 0.61 O O 

Mutiof~ .oOO a b . =  0.0 S.Rah=O.OO Rel.infA.000 - 
The divisive vmïabk is # 2 ïîimnœ 
i Cod Clas Tot HO non act 
O O di0 185 0.45 154 31 

0.83 0-17 
O.lO-03 1 



*-- 
Step # 2 Sub-set # 2 of 7 Sub-setidn1002000 
No sites: 93; Encropy: 0.68 
non act 
39 !54 

Characteristics OC this sub-set 
ha2 

2Distance 
i Cod Clas Tor H(i) non act 
1 I di1 70.00 O 7 
2 2 di2 17 0-69 8 9 
3 3 di3 27 0.69 15 12 
4 4 dï4 42 0.66 16 26 
Mutid=û.ûS4 Kulb.= 10.1 S.Ratiœ 129 ReLinf.=O.W Ch- 

3 Habitat 
i Cod Clas Tot H(i) non act 
O 1 ha1 203 055 O O 
1 2 ha2 93 0.68 39 54 
2 3 ha3 821 0.68 O O 
3 4 h a 4  5 4 0 5 9  O O 
4 5 ha5 61 0.67 O O 
5 6 ha6 219 0.68 O O 
6 7 ôa7 89 0.61 O O 

M u t ~ = û . 0 0 0  Kulb.= 0.0 SJUcr  0-00 RcLinf.=O.000 ChCW* 

The divisive is # 2 Distance 
i Cod Clas Tot H(ï) non act 
I 1 di1 7 0 . 0  O 7 

0.00 1.00 
- 1.00 0.72 



**++-****+- 
Step # 2 Sub-set # 3 of 7 Suttsefsefi#1003000 
No sites: 821; Enteopy: 0.68 
non act 
339 482 

Charamristics o f  ihis sub-sec 
ha3 

2 Distance 
i Cod Clas Tot H(i) non act 
0 O di0 I 0.00 O 1 
1 L di1 LOO 0.61 30 70 
2 2 di2 258 0 .6  93 165 
3 3 di3 245 0.69 108 L37 
4 4 di4 217 0.69 IO8 109 
Mutinf.=O.OIO Kuib.= 16.6 S M œ  1.75 ReLinf.=û.008 -* 

3 Habitat 
i Cod Cias Tot H(i) non act 
O 1 ha1 203 055 O O 
1 2 ùa2 93 0.68 O O 
2 3 ha3 821 0.68 339 482 
3 4 ha4 54 059 O O 
4 5ha5 610.01 O O 
5 6 ha6 219 0.68 O O 
6 7 ha7 89 0.61 O O 

Mutiaf=O.oOO Wb.= 0.0 S.Ratio=O.OO ReIJnf-=O.000 -* 

Thedivisivcvuiableis#2ûistanœ 
i Cd Clas Tot H(i) non act 
O O di0 1 0.00 O 1 

0.00 1.00 
- 1.00 0.70 



2 Distance 
i Cod Clas Tot H(i) non act 
O O di0 4 0.00 O 4 
1 1 di1 44 0.64 15 29 
2 2 di2 5 0.00 O 5 
3 3 di3 1 0.00 O 1 

Mut in f . 4 .W Kulb.= 73 S M o =  034 Rel.ihf.=O=O104 C h i k  

3 Habitat 
i Cod CIas Tot H(i) non act 
O 1 ha1 203 055 O O 
1 2 h a 2  93 0.68 O O 
2 3 ha3 821 0.68 O O 
3 4 ha4 54 059 15 39 
4 5 ha5 61 0.67 O O 
5 6 ha6 219 0.68 O O 
6 7 ha7 89 0.61 O O 

Mutinf.=û.000 Kulb.= 0.0 S.RaîiœO.00 Rel.infA.000 Chi- 

Step # 2 Sub-set # 5 of 7 Sub-set idW1~000 
No sites: 61; En- 0.67 
non ect 
37 24 

Characteristics of ihis sab-set 
ha5 

2 Distance 
i Cod Clas Tot H(i) non act 



3 Habitat 
i Cod Clas Tot HO non act 
O 1 ha1 203 055 O O 
1 2 ha2 93 0.68 O O 
2 3 ha3 821 0.68 O O 
3 4 ha4 54 059 O O 
4 5 ha5 61 0.67 37 24 
5 6 ha6 219 0.68 O O 
6 7 ha7 89 0.61 O O 

MutAf.=û.000 Kulb.= 0.0 SRatio= 0.00 ReLinfkO.000 

ThEdivisi~evYiabIek#7Dis~ 
i Cod Cias Tot HO non acc 
0 0 di0 1 0.ûO O 1 

0.00 1.00 
-1.00 154 

Step # 2 Subset # 6 of 7 SubsetJd#I006000 
No sites: 219; En* 0.68 
non act 
124 95 

Chanicreristics of this sub-set 



2 Distance 
i Cod Clas Tot H(i) non act 
O O di0 6 0.00 O 6 
1 1 di1 158 0.68 93 65 
2 2 di2 22 0.66 14 8 
3 3 di3 200.69 9 11 
4 4 di4 13 0.67 8 5 
Mut.infFO.On K u l b r  120 S M o =  1.23 ReLiufsO.029 - 
3 Habitat 
i Cod Clas Tot H(i) non act 
O 1 ha1 203 055 O O 
1 2 ha2 93 0.68 O O 
2 3 ha3 821 0.68 O O 
3 4 ha4 54 059 O O 
4 5 haS 61 0.67 O O 
5 6 ûa6 219 0.68 124 95 
6 7 ha7 84, 0.61 O O 
Mutinf.=0.000 Kulb.= 0.0 SRatict= 0.00 ReI.infinf=û.OOO -* 

The divisive variable is # 2 Distance 
i Cod Clas Tot H(i) non act 
0 0 di0 6 0.00 O 6 

0.00 1.00 
-1.00 131 



NO sites: 89; ~nnopy: 0.61 
non act 
62 n 

Characteristics ofthis subset: 
ha7 

2 Distance 
i Cod Cias Tot H(i) non act 
1 1 di1 23 0.65 8 15 
2 2 di2 31 053 24 7 
3 3 di3 19 OS1 15 4 
4 4 di4 16 023 15 1 
Mutinfk0.109 Kulb.= 19.4 S.Ratjo= 2-48 RcIinfA.080 -* 

3 Habitat 
i Cod Clas Tot HO non act 
O 1 ha1 203 055 O O 
1 2 ha2 93 0.68 O O 
2 3 ha3 821 0.68 O O 
3 4w 540.59 O O 
4 5 ha5 61 0.67 O O 
5 6 ha6 219 0.68 O O 
6 7 ha7 89 0.61 62 27 
Mu~irif.=O.oOO Wb.= 0.0 SRatiœ0.00 Rel.infArOOOO C h i ï *  

The divisive variaMe is 4 2 Distaoce 
i Cod Clas Tot H(i) non act 
1 1 di1 23 0.65 8 15 

035 0.6s 
-050 1-15 

2Distaace 
i Cod Clas Tot H(i) non am 
1 1 di1 23 0.65 O O 



3 Habitat 
i Cod CIas Tot H(i) non act 
O 1 ha1 2û3 055 154 31 
1 2 ha2 93 0.68 O O 
2 3 ha3 û21 0.68 O O 
3 4 W 54 0.59 O O 
4 5 ha5 61 0.67 O O 
5 6 ha6 219 0.68 O O 
6 7 ha7 89 0.61 O O 

Mut.inf.=O.000 Kulb.= 0.0 S.Ratic~O.00 RclinfA.000 -* 
*-- 
Step # 3 Subset # 1 of 26 Subset-idff2001000 
No sites: lm; Eampy: 0.45 
mm act 
154 31 

Subset's chacteristics : 
ha1 di0 
T e M  subset # 1 

2 Distance 
i Cod CIas Tot H(i) non act 
1 I di1 23 0.65 O 17 
2 2 d i 2  31 053 O O 
3 3 di 19 051 O O 
4 4 di4 16 023 O O 
Mutinf.=û.oOO Wb.= 0.0 S.Rati~0.00 Rel.infA.000 -* 

3 Habitat 
i Cod CIas Tot HG) non act 
O 1 ha1 203 055 O 17 
1 2 ha2 93 0.68 O O 
2 3 ba3 821 0.68 O O 
3 4 ha4 54 059 O O 
4 5 W 61 0.67 O O 
5 6 ha6 219 0.68 O O 
6 7 ha7 89 0.61 O O 
Mutinf.=O.OOO Wb.= 0.0 S-Ratio=OXW) ReLihf.=û.000 Cbi2+* 

* * t * * * * * * * * * * f * * f * * * * * * * * * * P  

Step R 3 Sub-set # 2 of 26 Sub-sc~icirn002000 
No sites: 17; Entropy: 0.00 
non act 



O 17 
Sub-set's characteristics : 
ha1 di1 
Terminal subset # 2 

2 Distance 
i Cod Clas Tot H(i) non act 
1 1 di1 23 0.65 O O 
2 2 di2 31 053 O 1 
3 3 di3 19 051 O O 
4 4 di4 16 023 O O 
Mut.inf.=O.OOO Kulb.= 0.0 S-R;uio=O.OO ReLinfd.000 -* 

3 Habitat 
i Cod Clas Tot H(I) non act 
O 1 ha1 203 O55 O 1 
1 2 ha2 93 0.68 O O 
2 3 ha3 821 0.68 O O 
3 4 ha4 5.1 0-55 O O 
4 5 ha5 61 0.67 O O 
5 6 ha6 219 0.68 O O 
6 7 ha7 89 0.61 O O 
Mutinf.=0.000 Kulb.= 0.0 SRatit~O.00 Rel.iRfsû.000 Chm* 

Step # 3 Sub-set # 3 of 26 Subset-idiY20(nOûû 
No sites: 1; Entropy: 0.00 
non act 

O 1 
Sub-set's characteristics : 
ha1 di2 
Terminal sub-set # 3 

2 Distance 
i Cod Clas Tot H(i) non act 
1 1 di1 23 0.65 O 7 
2 2 di2 31 053 O O 
3 3 di3 19 O 5 1  O O 
4 4 di4 16 0.23 O O 
Mut.infs0.000 Kuibs 0.0 S.Rah=O.OO ReLin€rO.oOO - 
3 Habitat 
i Cod Cias Tot H(i) non act 
O 1 bal 203 055 O O 
1 2 ha2 93 0.68 O 7 
2 3 ha3 821 0.68 O O 
3 4 ba4 54 059 O O 
4 5ùaS 610.67 O O 



Step # 3 Sub-set # 4 of 26 Sub-set-idlC2004000 
No sites: 7; Enaopy: 0.00 
non act 
O 7 

Sub-set's characteristics : 
ha2 di1 
Terminai sub-set # 4 

2 Distance 
i Cod Clas Tot H(9 non act 
1 1 di1 23 0.65 O O 
2 2 di2 31 053 8 9 
3 3 di3 19 051 O O 
4 4 di4 16 0.23 O O 
MuLinL=û.Oûû Kulb.= 0-0 SWo=O.ûû Rei.inf.=û.UXl Chitff 

3 Habitat 
i Cod Cias Tot H(i) non act 
O 1 ha1 203 OS5 O O 
1 2 ha2 93 0.68 8 9 
2 3 ha3 821 0.68 O O 
3 4 ha4 54 059 O O 
4 5 ha5 61 0.67 O O 
5 6 ba6 219 0.68 O O 
6 7 ha7 89 0.61 O O 
Mutinf.=û.000 Wb.= 0.0 S.RatiœO.00 Rd.infsO.000 - 
+*****- 
Step # 3 Sub-set# 5 of 26 S u b - s c t i d m ~  
No sites: 17; Enaopy: 0.69 
non au 

8 9 
Sub-sers ctiaracteNu'cs : 
ha2 di2 
Termiad s u b t  # 5 

2 Distance 
i Cod Clas Tot HO non act 
1 1 di1 230.65 O O 
2 2 di2 31 OS3 O O 
3 3 di3 19 051 15 12 
4 4 di4 16 023 O O 
Mutinfd.000 Kulb.= 0.0 S.Racio=O.W RcLiafFO.000 - 



3 Habitat 
i Cod Clas Tot H(i) non aa 
O 1 ha1 203 055 O O 
1 2 ha2 93 0.68 15 12 
2 3 ha3 821 0.68 O O 
3 4 ha4 54 059 O O 
4 5 ha5 61 0.67 O O 
5 6 ha6 219 0.68 O O 
6 7 ha7 89 0.61 O O 
M ~ t i ~ = O ~ . 0 0 0  Kulb.= 0.0 SRatiœO-OO Retinf.=O.oOO -* 

Step # 3 Sub-set # 6 of 26 Sub-set-idW2006000 
No sites: m. Ennopyr 0.69 
non act 
15 12 

Sub-set's characteristics : 
ha2 di3 
Terminai sub-set # 6 

2 Distance 
i Cod Cias Tot H(i) non act 
1 1 di1 23 0.65 O O 
2 2 di2 31 053 O O 
3 3 di3 19 051 O O 
4 4 di4 16 0.23 16 26 
Mutinf.=û.000 Kulbs 0.0 S.Ratio=O.OO Rcl-infA.000 ChiZ-** 

3 Habitat 
i Cod Cias Tot HO non act 
O 1 bal 203 055 O O 
1 2 ha2 93 0.68 16 26 
2 3 ha3 821 0.68 O O 
3 4 ha4 54 059 O O 
4 5 ha5 61 0.67 O O 
5 6 ha6 219 0.68 O O 
6 7 ha7 89 0.61 O O 

Mut.inf.=O.oOO Wb.= 0.0 SRatio=O.OO RcI.infrO.000 -* 

*##*M 

Step # 3 Sub-set # 7 of 26 Sub-~ictm007000 
No sites: 42; Enaopy 0.66 
non act 
16 26 

Sub-set's charactensn'cs : 
ha2 di4 
Terminal sub-set # 7 



2 Distance 
i Cod Cias Tot H O  non act 
1 1 di1 23 0.65 O O 
2 2 di2 31 053 O O 
3 3 di 19 051 O O 
4 4 di4 16 0.23 O O 
Mutinf.=û.000 Kulbs 0.0 S M C F  0.00 ReLhfrOrOOOO - 
3 Habitat 
i Cod Cias Toc H(i) non act 
O 1 ha1 203 055 O O 
1 2 ha2 93 0.68 O O 
2 3 ha3 821 0.68 O 1 
3 4 ha4 54 059 O O 
4 5 ha5 61 0.67 O O 
5 6 ha6 219 0.68 O O 
6 7 ha7 89 0.61 O O 
Mutinf.S.000 Kulb.= 0.0 S ~ o = O . O O  ReE.inf.=û.oOO W 

Step # 3 Subsec # 8 of 26 Sub-set-id#2CU)8000 
No sites: 1; Enaopy: 0.00 
non act 

O 1 
Sub-set's charactcnstics : 
ha3 di0 
Terminal sub-set # 8 

2 Distance 
i Cod Cias Tot H(i) non act 
1 1 di1 23 0.65 30 70 
2 2 di2 31 053 O O 
3 3 di3 19 051 O O 
4 4 di4 16 0.23 O O 
Mut.inf.=O.000 Kuib.= 0.0 S.Racio=O.OO R e I J n f . = û ~  L6i2$* 

3 Habitat 
i Cod Clas Tot H(i) non aa 
O 1 ha1 203 O55 O O 
1 2 ha2 93 0.68 O O 
2 3 ha3 821 0.68 30 70 
3 4 ha4 54 039 O O 
4 5 ba5 61 0.67 O O 
5 6 ha6 219 0.68 O O 
6 7 ha7 89 0.61 O O 
MutinfA.000 K d b s  0.0 S.Racia=O.OO ReiïnfsO.ûûû ChiÊ-" 



2 Distance 
i Cod CIas Tot H(i) non act 
1 1 di1 23 0.65 O O 
2 2 di2 31 053 93 165 
3 3 di3 19 OS1 O O 
4 4 di4 16 0.23 O O 
Mutinf.=û.oOO Wb.= 0.0 ShtiœO.0 ReLinf.=O.oOO -* 

3 Habitat 
i Cod Cias Tot H(i) non act 
O 1 hai 203 055 O O 
1 2 ba2 93 0.68 O O 
2 3 ha3 821 0.68 93 165 
3 4 ha4 54 059 O O 
4 5 ha5 61 0.67 O O 
5 6 ha6 219 0.68 O O 
6 7 ha7 89 0.61 O O 

MutinfA.000 Kdbs  0.0 Shtio= 0.0 RelinfA.000 -* 

Step # 3 Subset # 10 of 26 Sub-set-idW2010000 
No sites: 258; Entropy: 0.65 
non act 
93 165 

Subscts charactcnsti - 
Cs:  

ha3 di2 
Terminal subsct # 10 

2 DistariQc 
i Cod Clas Tot HO non act 
1 1 di1 230.65 O O 
2 2 di2 31 O S  O O 
3 3 di3 19 051 108 137 
4 4 di4 16 023 O O 

MutinfA.000 Kulbs 0.0 S.RatiœO.00 Rel.infA.000 -* 
3 Habitat 
i Cod Clas Tot H(i) non act 
O 1 ha1 203 O55 O O 



* * * * * + t * * * t + v  

Step # 3 Subset # II of 26 Subset-idmO11OOO 
No sites: 245; Entropy: 0.69 
non ast 
108 rn 

Subset's characteristics : 
ha3 di3 
Tennind sub-set # 1 1 

2Distance 
i Cod Cias Tot H(i) non act 
1 I di1 23 0.65 O O 
2 2 di2 31 053 O O 
3 3 di3 19 0.51 O O 
4 4 di4 16 02.3 108 109 
Mu~infA.000 K d b r  0.0 SRatkeO.00 Rcl.infA.000 -* 

3 Habitat 
i Cod Clas Tot HO non act 
O 1 ha1 203 055 O O 
1 2 ha2 93 0.68 O O 
2 3 ha3 821 0.68 108 109 
3 4 ha4 54 059 O O 
4 5 ha5 61 0.67 O O 
5 6 ha6 219 0.68 O O 
6 7 ha7 89 0.61 O O 

MutinfkO.000 Kdb.= 0.0 S M o =  0.00 ReLinfsO.000 -* 
. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . . . . . . . . . . . . . 7 -  

Step # 3 Sub-set# 12 of 26 Sub-setsetid#2û12dXüI 
No sites: 217; Entropy: 0.69 
non act 
108 109 

Subset's chacmm . . 
CS: 

ha3 di4 
Termina( sub-set # 12 

2 Di- 
i Cod Clas Tot H(i) non act 
1 1 di1 230.65 O O 



3 Witat 
i Cod Qas Tot H(i) non act 
O 1 ha1 203 055 O O 
1 2 ha2 93 0.68 O O 
2 3 ha3 821 0.68 O O 
3 4 ha4 54 059 O O 
4 5 ha5 61 0.67 O 1 
5 6 ha6 219 0.6% O O 
6 7 ha7 89 0.6L O O 
Mut.ïnf.=û.MIl K d b ~  0.0 Shti<)=O.OO ReI.ùrfA.000 - 
Step # 3 Subset # 13 of 26 Sub-setjc#n013000 
No siles: f; Enaopy: 0.0  
non act 

O 1 
Sub-set's characteristics : 
ha5 di0 
Terminal subset # L3 

2 Distance 
i Cod Clas Tot H(i) non act 
1 I di1 23 0.65 8 17 
2 2 di2 31 053 O O 
3 3 di3 I9 051 O O 
4 4 di4 16 O23 O O 
Mu~inf.=0.000 Kulb.= 0.0 SRatio=O.OO Rel.infA.000 -* 

3 Habitat 
i Cod Clas Tot HO non act 
O 1 ha1 203 055 O O 
1 2 ha2 93 0.68 O O 
2 3 ha3 821 0.68 O O 
3 4 ha4 54 059 O O 
4 5 ha5 61 0.67 8 17 
5 6 ha6 219 0.68 O O 
6 7 ha7 89 0.61 O O 

Mu~.=OJXM Kulb.= 0.0 SR&o=O.OO Relhfd.000 Chi%+* 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Step W 3 Subsct # 14 of 26 Sub-seti~14000 
No sites: 25; Entmpy: 0.63 
non act 



8 17 
Sub-set's cbntacteristics : 
ha5 ciil 
Terminal sub-set # 14 

2 Distance 
i Cod Clas Tot H(i) non act 
1 1 di1 23 0.65 O O 
2 2 di2 31 053 15 5 
3 3 di 19 051 O O 
4 4 di4 16 0.23 O O 
Mut~=0.000 Ku1b.s 0.0 S.Rati(~O.00 Rel.infsO.000 C m  

3 Habitat 
i Cod Clas Tot H(ï) non act 
O 1 ha1 203 055 O O 
1 2 ha2 93 0.68 O O 
2 3 ha3 821 0.68 O O 
3 4ha4 54039 O O 
4 5 ttd 61 0.67 15 5 
5 6 ha6 219 0.68 O O 
6 7 ha7 89 0.61 O O 

Mu~inf.=O.000 Kulbs 0.0 SRatio= 0.00 Rel.infA.000 ChiZJ* 

Step # 3 Sub-set # 15 of 26 Sub-~tid#20150a0 
No sites: 20; Entropyr 056 
non act 
1s 5 

Sub-set's cbaracter&ics : 
ha5 di2 
Terminal su&set 1 15 

2 Distance 
i Cod Clas Tot H(i) non act 
1 i di1 î 3  0.65 O O 
2 2 di2 31 053 O O 
3 3 di3 19 031 7 O 
4 4 di4 16 0.23 O O 
MutinfkO.OOO Kulb.= 0.0 S ~ o = O . O O  ReI.infinf=O..OOO w* 

3 Habitat 
i Cod CIas Tot H(i) non act 
O 1 ha1 203 055 O O 
1 2 ha2 93 0.68 O O 
2 3 ha3 821 0.68 O O 
3 4 ha4 54 0.59 O O 
4 5 ha5 61 0.67 7 O 



Step # 3 Sub-set # 16 of 26 Subsetid#2016000 
No sites: 7; Entropy: 0.00 
non act 
7 0 

Sub-set's charactcristics : 
ha5 di3 
Tenninai mb-set # 16 

2 Distance 
i Cod Clas Tot H(i) non act 
1 1 dit 23 0.65 O O 
2 2 di2 31 OS3 O O 
3 3 di3 19 051 O O 
3 4 di4 I6 0-23 7 1 
M u ~ ~ = û . O o o  Kuib.= 0.0 S.Ratio= 0.W &tinf&..000 ChZ=** 

3 Habitat 
i Cod Clas Tot Ho) non act 
O 1 hal 203 055 O O 
1 2 ha2 93 0.68 O O 
2 3 ha3 821 0.68 O O 
3 4 ha4 54 059 O O 
4 5 ha5 61 0.67 7 1 
5 6 ha6 219 0.68 O O 
6 7 ha7 89 0.61 O O 

Mut+inf.=û.oOO Kulbs 0.0 S.Ratb=0.00 Rel.inf.=û.oOO -* 

Step # 3 Subset # 17 of 26 Subset-i&2O17000 
No sites: 8; Entropy: 0-38 
non act 
7 1 

Subset's cbaractcristr'cs : 
ha5 di4 
Tenninai mb-set 9 17 

2 Disiance 
i Cod CIas Tot H(i) non act 
1 1 di1 23 0.65 O O 
2 2 di2 31 O S  O O 
3 3 di3 19 0.51 O O 
4 4 di4 16 0.23 O O 

MutinC=û.OOO Wb.= 0.0 S.Ratio=O.W RcLin€".oOO w* 



3 Habitat 
i Cod Clas Tot HO non act 
O 1 ha1 203 055 O O 
1 2 ha2 93 0.68 O O 
2 3 ha3 821 0.68 O O 
3 4 ha4 54 O59 O O 
4 5 ha5 61 0.67 O O 
5 6 ha6 219 0.68 O 6 
6 7 ha7 89 0.61 O O 

MutinfA.000 Kulb.= 0.0 SRatih~0.00 Relh.FArOOOO -* 
. . . . . . . . . . . . . . . . . . . . . . . . . . - - . - . . . - - - - - - - - .- - y - - .- y y - 
Step # 3 Sub-set # 18 of 26 Sub-set-id#2û18000 
No sires: 6; Enuopy: 0.00 
non act 

O 6 
Subset's chatacteristics : 
ha6 di0 
Terminai sobset # 18 

2 Distance 
i Cod Cias Tot H(i) non act 
1 1 di1 23 0.65 93 65 
2 2 di 31 OS3 O O 
3 3 di3 19 OS1 O O 
4 4 di4 16 0.23 O O 
M ~ ~ = 0 . 0 0 0  Kulb.= 0.0 SRah=O.OO ReLinf,=û=OOOO -* 

3 Habitat 
i Cod Clas Tot H(i) non act 
O 1 ha1 203 055 O O 
1 2 ha2 93 0.68 O O 
2 3 ha3 821 0.68 O O 
3 4 ha4 54 059 O O 
4 5 ha5 61 0.67 O O 
5 6 ha6 219 0.68 93 65 
6 7 ha7 89 0.61 O O 
Mut.inf.=û.000 Kulb.= 0.0 S.Ratio=O.OO RcLinfA.000 -* 
********- 
Step # 3 SubsetR 19 of  26 SubsctSCtid#2û19000 
NO atcs: 158; E n m p ~  0.68 
non act 
93 65 

Subset's characieristics : 
ha6 di1 
Terminal sub-set # 19 



2 Distance 
i Cod Clas Tot E(i) non act 
1 1 di1 23 0.65 O O 
2 2 di2 31 053 14 8 
3 3 di3 19 051 O O 
4 4 di4 16 O 2 3  O O 
MUM.=O.OOO KUI~.= 0.0 s.mio=o.oo ~ e t x ~ . o o o  

3 Habitat 
i Cod Clas Toc A(I) non act 
O 1 bal 203 OS5 O O 
1 2 ha2 93 0.68 O O 
2 3 ha3 821 0-68 O O 
3 4 ha4 54 059 O O 
4 5 ha5 61 0.67 O O 
5 6 ha6 219 0.68 14 8 
6 7 ha7 89 0.61 O O 

Step # 3 Subset # 20 of  26 Sub-set-icW2û2CMXI 
No sites: 2, Entropy: 0.66 
non act 
14 8 

SubseSs ctiaracteristks I 
ha6 di2 
Terminal sukm # 2û 

2 Distance 
i Cod Clas Tot H(i) non act 
1 1 di1 23 0.65 O O 
2 2 di2 31 OS3 O O 
3 3 di3 19 051 9 11 
4 4di4 1 6 0 2 3  O O 
Mutinf.=O.oOo Kulb-= 0.0 S.Ratio=0.00 ~A*000 -* 

3 Habitat 
iCodClap Tot H(ï) non act 
O 1 ha1 203 OS5 O O 
t 2 ha2 93 0.6% O O 
2 3 ha3 821 O H  O O 
3 4 b a 4  54059 O O 
4 5 ha5 61 0.67 O O 
5 6 ha6 219 0.68 9 11 
6 7 ha7 89 0.61 O O 

MutinfA.000 Kuibs 0.0 SRah=O.OO R e l ~ A . 0 0 0  



. . . .  . . . .  . 

Step # 3 Sub-set # 21 of 26 Su&sctSCtid#2û21000 
No sites: U); Enaopy: 0.69 
non act 
9 11 

Sub-set's characteristics : 
ha6 di3 
Terminal sub-set # 2 1 

2 Distance 
i Cod Clas Tot H(i) non act 
1 1 di1 23 0.65 O O 
2 2 di2 31 053 O O 
3 3 di3 19 051 O O 
4 4 di4 16 023 8 5 
MutinfsO.000 Kulb.= 0.0 S.Rah= 0.00 ReI.îdsO.000 -* 

3 Habitat 
i Cod Cias Tot Hti) non act 
O 1 ha1 203 055 O O 
1 2 ha2 93 0.68 O O 
2 3 ha3 821 0.68 O O 
3 4 ha4 54 059 O O 
4 5 ha5 61 0.67 O O 
5 6 ha6 219 0.6û 8 5 
6 7 ha7 89 0.61 O O 
Mutinf.=O.OOO Kulb.= 0.0 S.Ratio=O.OO ReLinfA.000 CW+* 
Step # 3 Sub-set # 22 of 26 Subset-iWmr22000 
No sites: 13; Enmpy: 0.67 
non act 
8 5 

Sub-set's characteristics : 
ha6 di4 
Terminai sub-set # 22 

2 Distance 
i Cod Clas Tot H(ï) noa act 
1 1 di1 23 0.65 8 15 
2 2di2 31053 O O 
3 3 di3 19 O51 O O 
4 4 di4 16 0.23 O O 
Mutinf'A.000 Kuib.= 0.0 S.Rafiw0.W ReMA.000 ChiZf* 

3 Habitat 
i Cod Clar Tot H(i) non act 
O 1 ha1 203 O55  O O 



Step JY 3 Subset # 23 of 26 Subsetjdn2023000 
No sites: 23; Entropy: 0.65 
non act 

8 15 
Sub-set's char;rcteristics : 
ha7 di1 
Terminaï sub-set R 23 

2Distaace 
i Cod Ctas Tot H(i) non act 
1 I d i l  230.6!5 O O 
2 2 di2 3I O S  24 7 
3 3 di3 19 O S  O O 
4 4 di4 16 0.23 O O 
Mutinf.=û.oOO Wb.= 0.0 S.Rah=O.OO Rel.infd.000 -* 

3 Habitat 
i Cod Clas Tot H(i) non act 
O 1 1 203 OS5 O O 
1 2 ha2 93 0.68 O O 
2 3 ha3 821 0.68 O O 
3 4 ha4 54 059 O O 
4 5 ba5 61 0.67 O O 
5 6ha6 2190.68 O O 
6 7 ha7 89 0.61 24 7 
MuL~=O.OOO Wb.= 0.0 S ~ 0 = 0 . 0 0  RtIhfA.000 chi%= 

Step # 3 Sub-set # 24 of 26 Sub-set-id#2024000 
No sites: 31; Enaropy: 053 
non act 
24 7 

Subset's characterlstics : 
ha7 di2 
Terminai &set # 24 

2 Distance 
i Cod Clas Tot Ho non act 
1 1 di1 23 0.65 O O 



3 Habitat 
i Cd CIas Tot H(i) non act 
O 1 ha1 203 055 O O 
1 2 ha2 93 0.68 O O 
2 3 ha3 821 0.68 O O 
3 4 ba4 54 059 O O 
4 5 ha5 61 0.67 O O 
5 6 ha6 219 0.68 O O 
6 7 ha7 89 0.61 15 4 

MutinfrOrOOOO Kulbs 0.0 S.Ratio=O.OO Rel.infA.000 -* 

................................................ 

Step # 3 Sub-set # 25 of 26 Sub-sct-idW2û25000 
No sites: f 9; Enlropy: 0.51 
non aa 
15 4 

Subseb  characietisacs : 
ha7 di3 
Terminal subset # 25 

2Distance 
i Cd Clas Tot H(i) non act 
1 Idil  230.65 O O 
2 2 di2 31 053 O O 
3 3 di3 19 O 5 1  O O 
4 4 di4 16 O 2 3  15 1 
Muthf.=O.OOO Wb.= 0.0 S&a= 0.00 RelJnfA.000 -* 

3 Habitat 
i Cd Clas Tot H(i) non act 
O 1 ha1 2û3 055 O O 
1 2 ha2 93 0.68 O O 
2 3 ha3 821 0.68 O O 
3 4 ha4 54 059 O O 
4 5 ba5 61 0.67 O O 
5 6 ha6 219 0.68 O O 
6 7 ha7 89 0.61 15 1 

Mutinf.=0.000 Kuibr  0.0 SiRatiœ0.00 ReLïn€bû.UHl- 

Step # 3 S u h t  # 26 of 26 Sub-RidlmrzdOoo 
No sites: 16; Enrropy: 0.23 
non act 



15 1 
Sub-set's charafteristics : 
ha7 di4 
Terminai sab-set # 26 

Ma& 27 TSS x Depdendent variable 
L 1s 39 54 
2 154 31 18S 
3 O 17 17 
4 0 1  1 
5 0 7  7 
6 8 9 1 7  
7 1s 12 n 
8 16 26 42 
9 0 1  1 
10 30 70 100 
11 93 165 258 
12 IOS i n  245 
13 108 103 217 
1 4 0 1  1 
15 8 17 25 
16 15 5 20 
1 7 7 0 7  
1 8 7 1  8 
1 9 0 6 6  
20 93 65 158 
21 14 8 22 
22 9 11 20 
23 8 5 13 
24 8 15 23 
25 24 7 31 
26 15 4 19 
n 1s 1 16 

Variable's contribution to the negcntropy 

# 2 Var.namc: Distaace Init.cont=û,(n Fmî .=û .W p.cent=54.1 
# 3 Vamame: Habitat Init.~)nt.=û~û4 Fm.cont;;O.û4 p.cent= 459 



Initial entmpy: 0.693 Fa cnnapy: 0.61 1 
Negenfmpy: 0.082 Redundancy: 1 19p.c- for 27 TSS 
Adj-negenz 0.092 Adjdun.: 133p.c- (R=O-%9) 
Adjhnction: H(de) = exp(-û.W7*TSS -2415) + 0.601 

Environment eniri 2556 Adj-en&.: 326û ( 54 TSS) 
Adj.hinction: H(e) = ln(0.476fTSS 0.561) (r2=ûSn) 

!!! Total data memoly ailoc.= 44 kbytes !!! 
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